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Note. — In  the  Index  the  Papers  read  at  the  meetings  are  entered 
under  their  subject  heads,  with  details  of  their  contents,  and  lists  of 
the  speakers  in  the  discussions ;  papers  on  similar  subjects  are  grouped 
together  for  reference. 

Under  the  Members'  &:c.  names  are  entered  the  titles  of  papers 
communicated  by  them,  with  references  to  their  remarks  in  the 
discussions  arranged  under  the  subject  heads;  and  the  particulars  are 
given  of  each  Member's  election  &c,  in  the  Institution. 

Cross  references  are  added  to  the  subjects  of  the  papers  and  to 
other  subjects  in  the  discussions  &c. 

The  references  are  to  the  Year  and  Page  in  the  Proceedings, — 
as  1861,  14  ;  and  the  month  is  added  in  the  references  previous  to 
1853,  the  paging  being  separate  for  each  Meeting. 
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A. 

Abel,  C.  D.,  elected  Member,  1861,  14. 

AccotrsTS,  abstract  of  receipts  and  expenditure,  1849,  Jan.,  n. — 1850,  Jan.,  .39. 
—1851,  Jan.,  -10.— 1852,  40.— 1853,  44.— 1854,  44.-1855,  34.— 1856,  42.— 
18.57, 10.-18.58, 11.— 1859,  12.-1860,  12.— 1861,  12.-1862,  6.— 1863,  12.— 
1864,  12.-1865,  12.-1866,  13.-1867,  13.-1868,  13.— 1869,  15.-1870,  14. 
—1871,  14.-1872,  14.-187.3,  15. 
Adames,   C.  H.,  Compressed-Air  Hammer,  useful  for  planishing  bright  iron 

work,  avoiding  the  moisture  from  steam,  1865,  99. 
Adams,  W.,  elected  Member,  1859,  247.— Re-elected,  1866,  103. 
Adams,  W.  A.,  elected  Member,  1848,  July,  19, 

Brick  Machinery,   dry-clay   machine-made  bricks   liable   to   fail   at  edges 
and   comers,    1859,    46. — Dry-clay  process   successful   for  small  china 
articles,  50. 
Iron   Manufactm-e,   wheel  tyres  of  tough   wrought-iron   apt   to  laminate, 

1853,  30. 
Iron  Works,  Round  Oak,  independent  boilers  more  convenient  than  boilers 

heated  by  puddling  furnaces,  1860,  220. 
Railway  Carrying  Stock,  Paper  on  railway  carrying  stock,  1850,  Oct.,  26. 
Railway  Carrying  Stock,  Paper  on  the  improvement  of  the   construction 

of  railway  carrying  stock,  1851,  Jan.,  10. 
Railway  Wagons,  Paper  on  improvements  in  the  construction  and  materia's 

of  railway  wagons,  1852,  206. 
Springs,  Paper  on  railway  carriage  and  wagon  springs,  1850,  Jan.,  19. — 
Conical  spiral  springs  should  be  able  to  revolve  during  compression,  30. 
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Adams,  W.  A.  (continued). 

Springs,    Snpplementarij    Pajter  on    railway   carriage  and  wagon    springs, 

1850,  Apl.,  14. — Steady  action  of  improved  spring,  18. — Set  of  plates  all 

given  at  centre,  not  bent  to  curve,  20. — Laminated  springs  cost  not  much 

more  than  india-rubber,  25. 
Water  Axlebox,  cost  of  maintenance  of  ordinary  brasses,  1860,  184. 
Wrought-Iron  Wheel,  wheels  working  successfully  with  two  wrought-iron 

discs  riveted  to  cast-iron,  1849,  Apl.,  20, 
Adams,  W.  B.,  Lubrication,  Paper  on  railway  axle  lubrication,  1853.  57. 

Spring,  Paper  on  an  improved  spring  and  axle'box  for  railway  carriages, 

1855,  163. — Facility  of  inserting  extra  plates,  169. — India-rubber  springs 

expensive,  170. — Steel  has  same  elasticity  in  all  forms  of  spring,  170. — 

Spring-beam  tilt  hammers  cannot  be  worked  long  continuously,  171. 
Adamson,  D.,  elected  Member,  1859,  13. 

Bessemer  Steel,   admirably  suited  for   making  boiler  plates,  1861,  149. — 

Plates  require  annealing,  as  they  expand  differently  if  rolled  at  different 

temperatures,  149, — Expansion  of  bars  rolled  at  different  temperatures, 

153, 
Blast-Furnaces,  failure    of   central    tube  for  taking  off  gas.  1864,  253, — 

Low   pressure   of  blast  preferred,   254. — Charge   for  furnaces  working 

hiematite,  259. 
Boiler   Construction,   advisable   to   retain   gusset  and  longitudinal    stays, 

1859,  228. — Firing  below  boiler  objectionable  when  deposit  formed  from 

water,  228. 
Boiler  Explosions,  plates  not  to  have  too  high  tensile  strength,  1870,  206. — 

Desirable   to   diminish   number   of    seams,   207. — Punching  rivet-holes 

weakens  plates  more  than  drilling,  207. — Flanged   seams   to   tubes  of 

Cornish  and  other  boilers,  208. — Measurement  of  boilers  for  permanent 

expansion    after    testing,    209. — Great    floury   deposit  when    grease   in 

boiler,  209, 
Coal  Burning  in  Locomotives,  evaporative  duty  low  in  locomotives ;  tubes 

should  be  shorter  and  firebox  longer,  1860,  174, 
Co.alfield,  Glasgow,  steel  wire  ropes,  difference  in  durability  when  passing 

under  or  over  winding  drum,  1864,  247, 
Cornish  Pumping  Engine,  higher  pressure  of    steam  desirable,  1862,  163. 

— Early  cut-off  not  desirable,  163. — Cornish  engine  good  for  pumping,  but 

not  for  driving  machinery,  164, 
Hydraulic  Machines,  loss  of  power  in  hydraulic  riveter  from  full  pressure 

throughout  stroke,  1872,  205. — Steel-yard  riveting  machine  for  regulating 

pressure,  206. 
Iron   Manufacture,  Hajmatite,   importance  of  sufficient  pressure   of  blast, 
1871,  140.— Proper  chemical  proportions  of  sl.ag,  141, 


Adamson,  D.  (coatiuued). 

Iron  Works,  vertical  direct-acting  blowing  engine  best,  1863,  231. — 
Waste  gas  might  be  used  for  calcining  ironstone,  232. — Amount  of 
materials  passing  through  furnace  per  ton  of  iron  made,  232. — Reduction 
in  pressure  of  blast,  232.— Great  length  of  boilers  heated  by  waste  gas, 
236. — Drilled  holes  should  always  be  used  for  boilers,  236. — Cornish 
boiler  better  than  plain  cylindrical,  240. 
Superheated    Steam,    steam    should    be    superheated    in    passage    between 

cylinders  of  compound  engine,  1869,  207. 
Tools,    drilled     holes    far     more     reliable    tlian    punched,    1864,    214. — 
Importance  of  repeated  testing  of  boilers,  215. — Boiler  plates  should  be 
drilled  together  after  bending  to  shape,  222. — Transmission  of  power  by 
steam  pipes  to  great  distances,  224, 
Abamson,  J.,  elected  Member,  1871,  262. 
Addenbrooke,  G.,  elected  Member,  1853,  45. — Re-elected,  1861,  109. 

Blast-Furnace   Gas,    Paper  on   an    improved     method   of    taking   off   the 
waste  gas  from  open-topped  blast  furnaces,  1865,  235. — Fewer  repairs  to 
boilers  and  stoves  when  waste-gas  used,  248. — Central  suspended  bell  for 
taking  off   gas  not  a  good  plan,  249. — Durability  and  replacing  of  the 
castings,  250. — Liability  to  explosions  when  gas  taken  off  under  pressure, 
254. — Increased  yield  of  furnace,  255. — Taking  off  gas  with  furnace  top 
open,  1869,  35.  —  Particulars  of  mode  of  taking  off  gas  from  open-topped 
furnace,  75. 
Boiler    Lining,    Paper    on    Whittle's    plan    for    preventing    deposit    and 
incrustation  in  steam  boilers,  1871,  48. — Success  in  removing  scale,  and 
economy  of  fuel,  56, 
Addison,  J.,  elected  Member,  1851,  July,  45. 
Address  of   condolence   to   the  Queen  on  the  death  of  the  Prince  Consort, 

1862,  1. 
Address  of  President,  1856,  125.— 1861,  110.— 1862,  94,-1869,  183.— 1872,  120. 
Adkins,  F.,  elected  Member,  1853,  8, 

Aero-Steam  Engine,  Paper  on  the  Warsop  aero-steam  engine,  by  R.  Eaton, 
1870,  229. — Principle  of  engine,  229.— Mode  of  applying  air-injection, 
229. — Early  applications  with  greater  proportion  of  air,  230. — Particulars 
of  trials,  231. — Application  to  screw  steamers,  233. — Effect  on  condensing 
engines,  233. — Prevention  of  priming  and  incrustation,  234. — Action  of 
the  air-injection,  236, 

i?(.scimiow.— Bramwell,  F.  J.,  240,  245.  —  Eaton,  R.,  237,  241,  243.— 
Fowler,  G.,  239.- Marten,  E.  B.,  239,  244.— Siemens,  C.  W.,  244,  245.— 
Tomlinson,  J,,  242,— Warsop,  G,,  241,  242,  244,  245,— Woods,  H.,  241, 
243,  244. 
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Aeets,  M,,  Water  Aslebox,  distance  run  -without  replenishing  water,  1860, 
183. — End  play  for  running  round  curves,  184. — Cost  of  repairs  and 
brasses  with  ordinaiy  axleboxes,  184. — Durability  of  brasses  with  water 
axleboxes,  185. —  Provision  against  frost,  185. 

Ageicultueal  Engines,  Pflj^er  on  the  application  of  steam  power  to  agricultural 
purposes,  by  "VV.  Waller,  1856,  80. — Portable  engine  most  applicable  to 
agricultural  purposes,  81. — Early  form  of  portable  engine,  82. — Various 
forms  of  engines,  83. — Guide  bars,  85. — Later  forms  of  engines,  86. — 
Mode  of  testing,  90. — Table  of  weights  to  be  applied  to  dynamometer, 
92. — Duty  performed,  92. — Indicator  diagrams,  93. — Special  peculiarities 
of  engines,  93. — Arrangement  of  tubes,  95. — Fireboxes,  96. — Various 
applications  of  portable  engines,  98. — Table  of  trials  by  Eoyal  Agricultural 
Society,  100. — Table  of  dimensions  of  engines,  102. 

Discussion.— AUen,  E.  E.,  103,  104.— Chellingworth,  T.  T  ,  103.— 
Forsyth,  T.,  103.— Greaves,  C,  106.— Lloyd,  Sampson,  103,  106,  107.— 
Siemens,  C.  W.,  105.— Waller,  W.,  103,  104,  106. 

— Implements,  Steam,  Paper  on  the  application  of  steam  power  to  agricultural 
purposes,  by  W.  Waller,  1867,  41, — Ancient  ploughs,  41. — Classification 
of  steam-power  implements,  43. — Locomotives  dragging  implements, 
43, — Locomotives  with  rotary  cultivators,  44, — Portable  engines  with 
ropes  and  wdndlasses,  46. — Portable  engines  with  endless  ropes,  47. — 
Locomotives  working  spades  and  diggers,  48. — Slide-valves  of  engines, 
48. — Trials  of  consumption  of  coal,  50. — Apparatus  for  determining 
heating  power  of  coal,  50. — Evaporative  power  of  various  fuels,  52. 

Discussion.— C\m,  J,  E.,  53.— Fothergill,  B.,  53.— Fowler,  J.,  53.— 
Hoskyns,  C.  W.,  53.— Waller,  W.,  54.— Whitworth,  J.,  53,  54. 

— Machineet,  Steam,  Paper  on  the  application  of  steam  power  to  agricultural 
purjioses,  by  W.  Waller,  1856,  266.— Early  threshing  machines,  266. — 
Early  winnowing  machines,  270. — Mills,  grinding,  and  flour  dressiug. 
272. — Description  of  portable  threshing  machine,  273. — Details  of  drum, 
breastwork,  &c.,  274. — Straw  shaker,  275. — Corn-dressing  machine,  277. — 
Combined  portable  threshing  machine,  278. — Action  of  threshing,  279. — 
Portable  corn  mill,  280. — Flour-dressing  machine,  281. — Corn  crushers, 
root  cutters,  &c.,  281. — Working  speeds  of  different  parts  of  machines, 
282.— Power  expended  in  threshing,  &c.,  283.— Cost  of  threshing,  284.— 
Rate  of  threshing,  285. 

Discussion. — Hawkes,  W.,  286. — Humphries,  E.,  286. — Lloyd,  Sampson, 
285,  286. 

— Steam  Cultivation,  Paper  on  steam  cultivation,  by  J.  Fowler,  Jun., 
1857,  57,— Early  trials  of  draining  plough,  57. — Description  of 
draining  plough,  58.  — Anchor,  59.  — Steam  ploughing,  60.  — Plough, 
CI. — Vertical  windlass,  61. — Arrangement  of  tackle,  &;c.,  62. — Speed  of 
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Agbicultural,  Steam  Cultivation  (continued). 

ploughing,  63. — Power  required  for  ploughing,  64. — Expenses  of  working, 
64. — Advantages  of  steam  over  horse  ploughing,  65. — Durability  and  cost 
of  wire  rope,  66. 

Disevssion.-  Atkins,  T.,  68. — Clift,  J.  E.,  75. — Fowler,  J.,  71,  75. — 
Hawkes,  W.,  75.— Hoskyns,  C.  W.,  69.  —  Siemens,  C.  W.,  69.— Smith,  W., 
73.— Waller,  W.,  67.— Whitworth,  J.,  75,  76. 

— Steam  Cultivation,  Paper  on  the  application  of  steam  power  to 
cultivation,  by  J.  Fowler  and  D.  Greig.  1865,  55. — Difficulties  in  applying 
steam  power  to  cultivation,  55. — Traction  engine  impracticable,  56. — 
Stationary  engine  with  rope  passing  all  round  field,  56. — Triangular 
arrangement  of  rope,  57. — Direct  pull  arrangement,  58. — Movable  anchor, 
58. — Endless  rope  arrangement,  59. — Clip  drum,  61. — Compensating 
break  for  change  of  position  of  implement,  63. — Slack  gear,  64. — 
Transportation  of  machinery,  66.- — Ropes,  68. — Importance  of  ploughing 
in  dry  weather,  70.^Self -acting  coiling  gear,  71. — Ploughing  implements, 
72. — Comparison  of  steam  with  horse  cultivation,  75. — Essential  points 
in  steam  cultivating  machinery,  78. 

2>isc«5SiV)/i.— Bellhouse,  E.  T.,  88.— Bramwell,  F.  J.,  83,  87,  89,  90,  91.— 
Fernie,  J.,  80.— Greig,  D.,  79,  82,  84.  85,  87,  88,  89,  90,  91.— Hewett,  E.  E., 
84,  90.— Richardson,  W.,  91.— Smith,  J.,  86.— Wright,  T.  B.,  82. 

AlE  Engine,  CoMPEESSED,  Paper  on  a  compressed-air  engine  at  Govan  colliery, 
by  C.  Randolph,  1856,  145. — Arrangement  of  colliery,  145. — Shafts,  145. 
— Air-compressing  engine,  146. — Ball  valves  for  air-pumps,  146. — 
Compressed-air  engine,  147. 

Biscxission. — Fairbairn,  W.,  150.  —  Fothergill,  B..  149. — Harvey,  R., 
149.— Randolph,  C,  148.  — Raukine,  W.  J.  M.,  149.- Rogers,  E.,  149.— 
Whitworth,  J.,  149,  150. 

AiB  Engine,  Heated,  Paper  on  Wenham's  heated-air  engine,  by  C.  W.  Cooke, 
1873,  63. — History  of  heated-air  engine,  63. — Stirling's  engine,  63. — 
Regenerator,  64. — Ericsson's  engine,  65. — Cayley's.  66. — Wenham's,  67. — 
Action  of  governor,  69. — Construction  and  lubrication  of  piston,  70. — 
Top  of  cylinder  serves  as  air-pump.  70. — Work  done  by  engine,  72. — 
Friction,  73. — Temperatures  of  au'  in  engine,  73.  —  Consumption  of 
coal,  74. 

Discussion. — Amos,  C.  E.,  81. — Cooke,  C.  W.,  76. — Cowper,  E.  A.,  79. — 
Gray,  J.  McF.,  78.  — Newton,  W.  E.,  81.— Siemens,  C.  W.,  82.— Welch, 
E.  J.  C,  77.— Wenham,  F.  H.,  76,  78,  79,  80,  81. 

Aitken,  W.  C,  Sand-Blast  Process,  gives  good  dead  surface  to  metal  plates, 
1873,  275. — Frosted  surface  on  glass,  276. 

Albaeet,  a.,  elected  Member,  1858,  45. 
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Alexander,  A.,  elected  Member,  1870,  125, 

Ventilating  Fan,  spiral  case  best  for  fan,  1871,  71. — Fan  and  casing  should 
be  taper,  with  same  area  of  passage  throughout,  72. 
Allan,  A.,  Original  Member,  1847.— Council,  1857,  11.— 1859, 13.— 1862, 19.— 
1864,  18.— 1867,  17. 
Axlebox,  Paper  on  an  oil  axlebox  for  engines  and  tenders,  1853,  37. 
Axlebox  and  Crossing,  sponge  axleboxes  very  durable,  and  small  consumption 

of  oil,  1852,  220. 
Boiler,    Paper  on   an   iujproved   steam   boiler   for   locomotive    and    other 

engines,  1856,  233. 
Feed-Pipe   Connexion,  Paper   on    a    feed-pipe   couuexion   for  locomotive 

engine?,  1862,  88. 
Gas  Meter,  Paper  on  an  improved  gas  meter,  1860,  15. 
Link    Motion,   Paper   on   an  improved   construction   of  link   motion  for 

locomotive  and  other  engines,  1856,  70. 
Locomotive   Boiler,  tubes  tried  with   rod   through   centre   of  each,  1849, 

July,  9. 
Pressure  Gauge,  Paper  on  a  new  steam  pressure  gauge,  1859,  179.— Gauges 

for  different  pressures,  182. 
Kailway   Springs,  variable  elastic  force  with  change  of  load,  1858.  162. — 

Cost 'of  tapering  spring  plates,  163. 
Steam   Railway    Break,    Paper  on   increased  break    power    for    stopping 
railway  trains,  1859,   230. — Importance  of    break  power  beiug   under 
control  of  engine  di-iver,  235. 
Allen,  E.  E.,  elected  Member,  1856,  49. 

Double-Cylinder  Engines,  importance  of  applying  double-cylinder  expansive 
engines  for  marine  purposes,  1862,  276. — Economy  obtained  from  high 
pressure  and  expansion,  277. — High  pressure  necessary  for  great  economy, 
287. — Limit  to  degree  of  expansion,  288. 
Marine  Engines,  Paper  on  the  commercial  economy  of  working  steam 
expansively  in  marine  engines,  with  description  of  a  new  double 
expansive  marine  engine,  1856,  59. 
Marine  Engines,  Supplementary  Paper  on  the  commercial  economy  of 
working  steam  expansively  in  marine  engines,  1855,  97. — Impracticable 
to  obtain  full  benefit  of  expanded  steam  in  ordinary  marine  engines,  123. 
— Condenser  advisable  in  all  marine  engines,  12-1. 
Allen  Engine,  Paper  on  the  Allen  engine  and  governor,  by  C.  T.  Porter, 
1868,  50. — Objects  to  be  aimed  at  in  can-ying  out  expansion,  50. — 
General  description  of  Allen  engine,  51. — Valves  and  valve-motion,  51. — 
Single  eccentric,  53.  —  Expansion  link,  55.  —  Speed  of  piston,  57. — 
Condenser  and  air  pump,  61. — Governor,  63. — Special  construction,  64. — 
Attachment  of  cylinder,  65. — Large  and  accurate  bearing?,  65. 
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Allen  Engike  (continued). 

Discussion. — Coventry,  A..  76. — Cowper,  E.  A.,  66,  67,  73. — Fernie,  J.. 

75.— Hawksley,  T.,  72,  80.  — Olrick,  L.,  74.  — Porter,  C.  T.,  66.  73,  76.— 

Reynolds,    E.,    68,    73.  —  Siemens,    C.   W.,    67.  —  Webb.    F.   W..    68.— 

Woods,  H.,  75. 
Allen  Goveknoe.     See  Governor,  1873,  47. 

Allen,  J.,  elected  Member.  1856,  79.— Decease,  I860,  2.— Memoir,  13. 
Allen,  W.  D.,  elected  Member,  1865,  53. 
Alley.  J.,  elected  Member,  1870,  125. 
Alletnte,  Sir  J.  G.  N..  elected  Member,  1865,  20. 
Allfeet,  E.  E.,  Marine  Engines,  importance  of  steam  jackets,  1872,  175. — 

Single-cylinder  engine  as  good  result  as  compoimd,  178. 
Allhusen,  H.  C,  Furnace,  Revolving  Chemical,  Paper  on  arevohang  furnace 

for  chemical  works,  1869,  229.— Durability  of  lining,  236. 
Allibon,  G..  elected  Member,  1867,  18. 
Allin,  S.  S.,  Corn-Mill,  Buchholz,  larger  produce  and  better  bread  from  flour 

free  fi-om  cerealine,    1872,   236.  —  Loss    of   nutriment  very  slight   by 

removing  cerealine,  237. — Chemical  properties  of  cerealine,  237. 
Alltott,  J.  B..  elected  Member,  1872.  119. 
Allpokt,  H.  a.,  elected  Member,  1871,  21. 
Alston,  W.  C,  elected  Honorary  Member,  1848,  Apl.,  £4. 
Alton,  G.,  elected  Member,  1859,  97. 

Amalgamating  and  Crushing  Machine,    See  Crushing,  1854,  33. 
Ameeican  Dovetailing  Machine.    See  Dovetailing  Machine.  1868,  81. 
Amebican  Locks.     See  Locks,  1851,  June,  16. 
Amos,  C.  E.,  elected   Member,   1861.  211.— Council,  1868,  19.-1870,   18.— 

1872,  25. 

Air  Engine,  Heated,  Ericsson  engine  small  power  and  high  consumption, 

1873,  81. — Great  absorption  of  power  in  heated-air  engine,  81. — Safety 
from  explosion  or  fire,  82. 

Railway  Chair,  Bracket,  wrought-iron  rail  but  little  injured  by  bolt  hole, 

1873,  256. — Steel  rail  very  variable  in  strength,  257. 
Sand-Blast   Process,   very   successful  for   carving   stone,  1873,  274. — Lace 

template  for  ornamenting  glass,  275. 
Amos,  J.  C,  elected  Member,  1867,  59. 
Andeeson,  J.,  elected  ilember.  1856,  250.— Council,  1861,  13.-1864,  18.— 

1867,  17.— Vice-President,  1868,  19.-1869,  19.— Council,  1870,  18.— 

1873.  24. 
Blast  Furnaces,  attention  should  be  paid  to  qTiality  rather  than  to  quantity 

of  yield,  1864,  182. — Effect  of  chemical  competition  on  tensile  strength 

of  iron,  185. 
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Anderson,  J.  (continued). 

Copying  Machinery,  Paper  on  some  applications  of  the  copying  or  transfer 

principle  in  the  production  of  wooden  articles,  1858,  237. 
Eifled  Gun  Manufacture,  Paper  on  the  application  of  the  copying  principle 
in  the  manufacture  and  rifling  of  guns,  1862,    125. — Construction  of 
vernier  measuring  instrument,  141. 

AsDEBSON,  W.,  elected  Member,  1856,  79. 

Andrews,  J.,  Rock  Boring  Machine,  tools  sharpened  less  frequently  than  in 
hand  boring,  1865,  195. — Rate  of  advance  of  Roundwood  tunnel,  196. — 
Mont  Cenis  tunnel  boring  machine,  197. 

Anemometer,  by  A.  F.  Osier,  1852,  91. 

Angus,  R.,  elected  Member,  1862,  93. 

Annual  Report  of  Council.    See  Council. 

Appleby,  C.  E.,  elected  Member,  1858,  79. 

Appleby,  C.  J.,  elected  Member,  1867,  59. 

Appleby,  H.,  elected  Member,  1873,  45. 

Appold,  J.  G.,  Centrifugal  Pump,  description  of  Appold  pump,  1852,  155. — 
Pai'ticulars  of  experiments  on  ditto,  156. — Effect  of  size  of  pump  and 
velocity  on  discharge,  158. — Advantages  of  centrifugal  pump,  160. — 
Dimensions  and  cost  of  largest  Appold  pump,  160.  —  Table  of 
experiments  on  do.,  161. — Centrifugal  pump  most  advantageous  for  low 
variable  lifts,  162. — Importance  of  curved  arms,  162. — Duty  of  pumps 
with  differently  shaped  arms,  163. 

Appolt  Coke  Oven.     See  Blast-Furnace  Materials,  1871,  151. 

Armitage,  H.  W.,  elected  Member,  1861,  14. 

Armitage,  W.  J.,  elected  Member,  1859,  53. 

Armour,  Iron,  for  Ships,  Paper  on  the  construction  and  application  of  iron 
armour  for  ships  of  war,  by  X.  S.  Russell,  1862,  289. — Wooden  ships 
coated  with  armour  very  inefficient,  289. — Armoured  vessels  must  be 
large.  290. — Three  modes  of  construction  of  armoured  vessels,  291. — 
Examples  of  armoured  ships,  292. — Stevens  battery,  293. — Several  thin 
armour  plates  not  equal  to  one  thick  plate,  295. — Modes  of  construction 
with  iron  backing,  296. — Continuous  riveting  to  attach  armour  plates, 
296. — Area  of  fastening  by  bolts  generally  inadequate,  298. — Power  of 
shot  at  high  velocities,  299. — Dimensions  of  vessels  required  to  carry 
different  thicknesses  of  armour,  300. 

Dlscuinon. — Armstrong,  Sir  W.  G  ,  311. — Cowper,  E.  A.,  305. — Plum, 
T.  W.,  305.— Pole,  W.,  301,  306.— Ramsbottom,  J.,  306.— Reed,  E.  J.,  .309.— 
Russell,  J.  S.,  307.— Russell,  N.  S.,  305,  309.— Shelley,  C.  P.  B.,  305. 

Armour  Plates.     See  Steel  Rails  and  Armom-  Plates,  1861,  121. 

Armstrong,  G.,  elected  Member,  1866,  103. 

Armstrong,  John,  elected  Member,  1863,  113. 


Armstrong,  Joseph,  elected  Member,  1857,  11. 
Armstrong,  T.,  elected  Graduate.  1872,  1 20. 

Armstrong,  Sir  W.  G..  elected  Member,  1858,  12.— Vice-President,  1859, 13.— 
1860,  13.— President.  1861,  13.— 1862,  19.— 1869.  19. 
Address  as  President,  1861,  110.— Progress  of  mechanical  engineering,  110. 

Steam  navigation,  railways,  111.— Steam  cultivation  of  land,  112. — 

Improvements  in  tools,  113.— Eifled  guns  and  armour  plates,  114. — Cast 
iron   unfit  for  rifled  guns,   115.— Construction    of    guns   on    the    coil 
system,  117. — Patent  laws,  118. 
Address,  1862,  94.— International  exhibitions,  91.— Prince  Consort,  94.— 

Guns,  96. — Armour  plates,  97. — Krupp  steel,  97. 
Address,  1869,  183.— Watfs  first  steam  engine,  183.— Advance  of  mechanical 
engineering  during  last  eleven  years,   185.— Atlantic   telegraph,   186. — 
Suez  canal,  186.  —  Coal  mining,  duration  of   English  coalfields,  187. — 
Mechanical  appliances  for  coal    mining,   188.  —  Guns,   rifled,   breech- 
loading,   189.— High   temperature   of  explosion,   190.— Construction  of 
heavy  ordnance,   192.— Wrought  iron  better   than   steel   for  guns  and 
armour  plates,  193.— Powder,  slow  and  quick  bm-ning,  194.— Armour- 
plated  ships,    196.— Shot,   chilled   cast-iron   better   than   steel.   197.— 
Unarmoured  gunboats,  198. — Moncrieff  gun  carriage,  199. 
Armour  Plates,  difliculty  in  properly  welding  heavy  plates.  1861,  130.— 
Cast  steel  not  suitable  for  armour  plates,  131.— Hea^y  hammer  important 
in  forging  plates,  131. 
Bessemer  Steel,  heavy  hammers  essential  for  very  large  forgings,  1861,  154. 

— Steel  not  succeeded  hitherto  for  gttns,  155. 
Bridge,  Hydraulic  Swing,  Paper  on  the  hydraulic  spring  bridge  for  the 
North  Eastern  Piailway  over  the  river  Ouse  near  Goole,  1869,  121. — 
Steam  power  required  to  work  bridge,  129.— Mode  of  preventing  the  water 
freezing  in  winter,  131. 
Hydraulic  Machinery,  Paper  on  the  transmission  of  power  by  water  pressure, 
with  the  application  to  railway  goods  stations,  forge  and  foundry  cranes, 
and  blast-furnace  hoi.5ts,  1868.  21. 
Pump  Valves,  durability  of  india-rubber  valves  with  free  lift,  1858,  255. 
Steam  Boilers,  Mechanical  Firing,  adoption  of  Vicars'  furnace  at  Elswick 

Works,  1869,  180. 
Water-Pressure  Machinery,  Paper  on  water-pressure  machinery,  1858, 126. — 
Importance  of  relief  valves  in  preventing  over  pressure,  138.— Water- 
pressure  convenient  for  conveying  power  to  a  distance,  142.  — Joints  of 
hydraulic  machinery,  143. — Provision  against  freezing  of  water,  144. 
Armstrong,  W.  I.,  elected  Member,  1870,  125. 
Arnold,  D.  N.,  elected  Member,  1873,  45. 

Artesian  Wells,  machinery  for  boring.     See  Well  Boring.  1867,  174. 

B 
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ASHBURY,  J.,  elected  Member,  184S,  Apl.,  23.— Decease.  1867,  2.— Memoir,  14. 

AsHBTTRY,  J.  L..  elected  Member,  1857,  201. 

Steel  Tyre.?,  comparative  cost  of  iron  and  crucible  steel  tyres,  1866,  192. 

ASHBL'RY,  T.,  elected  Member.  1873.  4.5. 

ASHTON  AND  Storey"s  Steam  Power  Meter  and  Continuous  Indicator.  See 
Indicator,  Continuous,  1871,  'n. 

Atkins,  T..  Steam  Cultivation,  rotary  cultivator  preferable  to  plough,  1857,  68. 

Atkinson,  C,  elected  Member,  1858,  12. 

Regenerative  Furnace,  saving  of  fuel  in  steel-melting  furnace,  1857,  106. — 
Saving  in  bi'ickwork  repairs,  107. 

Atkinson,  C.  F..  elected  Member,  1870,  12.5. 

Atlantic  Telegraph  Cable,  machinery  for  laying  and  picking  up.  See 
Telegraph  Machinery.  1867,  20. 

Atlas  Locomotive  Engine.     See  Locomotive,  1847,  Xov.,  3. 

AusTER,  T..  elected  Member,  1848.  Apl.,  23. 

Austin,  W.  L..  elected  Member,  1869.  276. 

AvELiNG,  T..  elected  Member.  1869,  119. 

Steam  Eoad  Roller,  Paper  on  a  steam  road  roller.  1870,  109. — Stones  of 
road  rapidly  destroyed  if  not  rolled.  170. — Conic-al  rollers  best,  171. — 
Eearng  springs  not  of  much  use,  172. — One  cylinder  for  engine  better 
than  two.  173.  —Single  axle  for  both  the  side  rollers,  173. — 1.5-ton  roller 
better  than  30-ton,  176. — Roller  should  consist  of  several  rings  of  small 
■width,  1869,  116. — Particulars  of  working,  117. 

Axles,  Paper  on  railway  axles,  by  J.  E.  McConnell,  1849.  Oct.,  13. — 
Importance  of  proportion  and  quality  in  the  materials  of  railway  moving 
stock,  14. — Great  diversity  of  practice  in  proportioning  strength  of  axles, 
15. — Strength  required  to  resist  stationary  load,  15. — Strains  from 
inequalities  of  road  and  side  play  between  rails,  17. — Torsion  caused  by 
travelling  over  curves  and  strain  of  break  blocks,  18. — Constant  vibration 
altering  axle  from  fibrous  to  crystalline  state,  and  gradual  failure  at 
back  of  wheel,  18.— Experiments  to  determine  correct  proportions  for 
oxle.s,  19. — Diameter  reduced  in  centre  portion,  20. — Locomotive  crank 
axles  subjected  to  more  rapid  deterioration,  21. — Change  in  iron  from 
fibrous  to  crystalline  well  established.  21. 

Discussion. — Cowper,  E.  A.,  24. — Henderson,  J.,  22. — Ramsbottom,  J., 
24.  -Slate,  A.,  26.— Smith,  H.,  24,  26.— Stephenson,  R.,  21,  22,  25,  26. 

Axles,  Sui)plemenfary  Paper  on  the  deterioration  of  railway  axles,  by  J.  E. 
McConnell,  1850,.  Jan.,  5. — Example  of  crystalline  fracture  of  axle  with 
cast-iron  wheels,  6. — Experiments  on  effects  of  concussion  on  axles  with 
elastic  and  with  cast-iron  wheels,  7. — Experiments  on  effect  of  cold- 
hammering  on  fibrous  iron,  8. — Effect  of  water  on  axle  heated  by 
running  dry,  9. — Bending  of  axle  by  side  blow  on  wheel  flange,   10. — 
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Axles  (continued). 

Crystallising  effect  of  rapidly  repeated  pulls  on  tough  iron,  10. — Effect 
of  rapidly  repeated  end  blows  on  tough  wrought-iron  bar,  11. —  Fracture 
of  wrought-iron  helve,  11. — Crystalline  fracture  of  wrought-iron  pin, 
caused  by  frequent  jar,  12. —  Conclusions  as  to  proportions  kc.  of 
railway  axles,  13. 

Discussion. — Cowper,  E.  A,,  14,  16,  17. — Heaton,  G.,  18. — Hoby,  J.  W., 
17,— Hodge,  P.  E.,  15,  16, 17,  18.— Jackson,  P.  E.,  15, 18.— McConnell,  J.  E., 
14,  15,  18,  19.— Middleton,  W.,  18.— Slate,  A.,  16.— Smith,  H.,  15.— Smith, 
W.,  18.— Williams,  W.,  14,  16.— Wright,  H.,  14. 

Axles,  Supplementary  Paper  on  the  deterioration  of  railway  axles,  by  J.  E. 
McConnell,  1850,  Apl.,  3. —  Proper  form  of  axle,  3.  —  Crystalline 
structure  produced  by  concussion  or  jarring,  4. — Shoulder  on  axle  at 
wheel  boss  aggravates  tendency  to  break,  5. 

Discussion. — Adams,  W.  A.,  8. — Cowper,  E.  A.,  12, — McConnell,  J.  E., 
8.— Eobinson,  H.,  12,  13,— Slate,  A.,  11, 12.— Smith,  H.,  8.— Stephenson,  E., 
6,  9,  11,  12,  13,— Walker,  T.,  11. 

Axles,  Paper  on  the  form  of  shafts  and  axles,  by  T.  Thorneycroft,  1850,  July, 
35. — Investigation  of  best  forms  for  parts  of  machinery,  36. — Alteration 
in  form  of  shafts  from  former  practice,  38, — Eelation  of  railway  axle  to 
girder,  39, — Experiments  on  deflection  of  axles,  39, — Effect  of  reducing 
diameter  of  axle  in  middle,  40, — Influence  of  shoulder  on  axle  just 
behind  wheel,  40. — Influence  of  position  of  wheel  in  relation  to  neck  of 
journal,  41, — Deductions  from  experiments,  41. 

Discussion.— 'McConneU,  J.  E.,  42.— Thorneycroft,  T.,  41,  42. 

Axles,  Supplementary  Paper  on  the  form  of  railway  axles,  by  T.  Thorneycroft, 
1850,  Oct.,  4. — Axles  reduced  in  diameter  at  middle  unable  to  keep 
their  form  under  heavy  shocks,  5.  -  Nicking  iron  to  only  slight  depth 
greatly  reduces  strength,  5. — Eepeated  bending  without  concussion 
produces  crystalline  structure,  6. 

Disetission. — Allan,  A.,  9. — Bowman,  E.,  7,  8,  10. — Cowper,  E,  A.,  9, 
11,— Henson,  H,  H.,  9.— McConnell,  J.  E.,  9, 11,  12, 13, 15.— Middleton,  W., 
11.— Owen,  W.,  9.— Peacock,  E.,  8,  9,  12.— Eamsbottom,  J.,  9,  13.— 
Shipton,  J.  A.,  10.— Slate,  A.,  7,  8,  10,— Smith,  H.,  12,— Thorneycroft, 
G.B.,  12, 13, 15.— Thorneycroft,  T.,  6, 8, 9,— Williams,  E„  11.— Wright,  H.,  9. 

Axles,  Paper  on  hollow  railway  axles,  by  J.  E.  McConnell,  1853,  87, — Strength 
of  tubes,  88. — Description  of  mode  of  manufacture,  89. — Formation  of 
journals,  90, — Saving  in  weightof  axles,  91, — Double  conical  journals,  91. 
— Experiments  on  relative  strength  of  solid  and  hollow  axles,  91, — 
Tables  of  experiments,  94. 

Discussion.— Adams,  W,  A,,  100.— Blackwell,  S.  H.,  96,  97,  99,  100.— 
Clift,  J,  E,,  97,— Duclos  de  Boussois,  E.,  98.— England,  G.,  99.— Mathews, 
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Axles  (continued). 

-^r^  96^  97.— May,  C,  98,  99.— McConnell,  J.  E.,  96,  97,  98,  99,  100  — 
Kasmyth,  J.,  98,  99.— Norris,  R.  S.,  97.— Slate,  A.,  97,  98,  99. 
Axles,  alteration  from  fibrous  to  crystalline  state  in  working,  1849,  Oct.,  18, 
22,  24,  26.— 1850,  Jan.,  6,  10,  16,  18.— Apl.,  4,  7,  8.— July,  41.— Oct.,  6, 
15.— Break  frequently  near  ends,  but  very  seldom  in  the  middle,  1850, 
Oct.  9. 
Axles    of   Locomotives,    distribution    of    weight    on.      See    Locomotives, 

distribution  of  weight,  1864,  92. 
AXLEBOX,  Paper  on  an  improved  axlebox  for  railway  engines  and  carriages,  by 
J.  Barrans,  1851,  Jan.,  30.— Wear  of  axle  bearings,  30.— Description  of 
improved    axlebox,    31.  —  Modification.?,    32.  —  Grit    shield,    33.  —  Oil 
lubrication,  33. 

2?iscwssio».— Adams,  W.  A.,  34.— Barrans,  J.,  84.— Henson,  H.  H.,  34. 
—Wright,  H.,  34. 
Axlebox,  Supplementary  Paper  on  an  improved  axlebox  for  railway  engines 
and  carriages,  by  J.  Barrans,  1851,  Apl.,  3.— Axlebox  with  oil  lubrication, 
3. — Particulars  of  working,  4. 

Biscuuion.—K.OL&m?,,  W.  A.,  6,  8.— Barrans,  J.,  5,  6.— Cowper,  E.  A., 
5,  7.— Henson,  H.  H.,  6,  7.— McConnell,  J.  E.,5,  6,  7.— Sandom,  7.— Slate, 
A.,  5,  6. 
Axlebox,  Paper  on  an  oil  axlebox  for  engines  and  tenders,  by  A.  Allan, 
1853,  37.— Axlebox  for  driving  wheels  of  engines,  37. — Axlebox  for 
tenders,  38. — Working  expenses,  38. 

Discussion.  —  Allan,  A.,  39.  —  Fothergill,  B.,  39.  —  Lea,  J.,  39.  — 
McConnell,  J.  E.,  39.— Stephenson,  R.,  39. 
Axlebox,  Paper  on  an  improved  axlebox  and  spring  fittings  for  railway 
carriages,  by  W.  G.  Craig,  1855,  182.— Defects  of  ordinary  axleboxes, 
183. — Defects  of  spring  fittings,  184. — Description  of  improved  axlebox, 
185. — Grease  covers,  186.— Spring  fixing,  187.— Spring  fittings,  187. — 
Proportion  of  defective  axleboxes,  &c.,  188. 

Discussion.— Beyer,  C.  F.,  190.— Jackson,  P.  R.,  190.— Newall,  J.,  189, 
190.— Ramsbottom,  J.,  189,  190,  191.— Sinclair,  A.,  190. 
Axlebox  and  Coupling  Rod,  Paper  on  an  improved  construction  of 
axleboxes  and  coupling  rods  for  locomotive  engines,  by  W.  A.  Fairbairn, 
1858, 166.— Description  of  improved  axlebox,  166.— India-rubber  washers, 
167, — Axlebox  for  driving  wheels  of  engine,  167. — Coupling  rod,  168. 

Discussion.— Co\q[)ev,  E.  A.,  169.— Fairbairn,  W.,  169,  170.— Smith,  W., 

169.— Whitworth,  J.,  170. 

Axlebox  and  Crossing,  Paper  on  a  new  self-lubricating  axlebox  for  railway 

engines  and    carriages,  and  a  self-acting    spring    crossing   point,  by 

P.  R.  Hodge,   1852,  213.— Oil  superior  to  tallow  for  lubrication,  213.— 
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AXLEBOX  A^D  Ceossing  (continued.) 

Description  of  improved  axlebox,  21i. — Saving  in  cost  of  lubrication  and 
in  weight,  215. — Advantages,  215. — Self-acting  point  for  crossings.  216. 

J)iscvssio)i.  —  M&ms,  W.  A.,  219.  —  Allan,  A.,  220,  221,  222.— 
Chellingworth,  T.  T.,  220.— Fotsyth,  T.,  222.— Jones,  E.,  218,  220.— Lea, 
J.,  217.  — McConnell,  J.  E..  217,  219,  220,  221.  — Slate,  A.,  221.— 
Stephenson,  E.,  218,  219,  221,  222.— Wright,  H.,  219,  220. 

Axlebox  axd  Speixg  for  railway  carriages.     See  Spring,  1855,  163. 

Axlebox,  Watee,  Paper  on  Aerts'  water  axlebox,  by  Sampson  Lloyd,  1880, 
178. — Essential  conditions  for  good  lubrication,  178. — Description  of 
water  axlebox,  178. — Joint  to  prevent  leakage  of  water,  179. — Cleaning 
the  axlebox,  180. — Axlebox  applied  to  shafting,  180. — Results  of  use  of 
water  axlebox  on  railways,  ISl. 

lyiscusiion. — Adams,  W.  A.,  18i. — Aerts,  M.,  182,  184,  186. — Cowper, 
E.  A.,  186. — Kennedy,  J.,  167. — Lloyd,  Sampson,  182,  165, 187. — Siemens, 
C.  W.,  186,  187.— Wright,  J.,  187. 

Axlebox  Lubeication.     See  Lubrication,  1853,  57. 

B. 

Bagkall,  W.,  elected  Member,  1848,  Apl.,  23.— Decease,  1864,  2.— ilemou-,  13. 

Bagshaw,  W.,  elected  Graduate,  1872,  26. 

Bagshawe,  J.  J.,  elected  ilember,  1865,  101. 

Bailey,  J.,  elected  Member,  1865.  53. 

Bailet,  S.,  elected  Member,  1860,  89. 

Coal  Cutting  Machine,  speed  of  working,  1864,  288. 

Bailly.  p.,  elected  Member,  1872,  119. 

BaDsBEIDGE,  E.,  elected  Graduate,  1869,  277. 

Baixes,  W.,  elected  Member.  1866.  55. 

Hallway  Chairs  and  Switches,  Paper  on  improved  railway  chairs  and 
switches,  1849,  Jan.,  21.  —  Comparative  cost  of  chairs,  keys,  and 
gpikes,  Apl.,  5. — Joint  chair  supports  rail  ends  firmly  without  ballast, 
6. — Wider  chair  used  for  replacing  any  broken  chair,  7. — Deep  switch 
tongue  for  driving  dirt  under  main  rail  instead  of  against  it,  7. 
Railway  Signals,  Paper  on  improved  apparatus  for  working  and  interlocking 
railway  signals  and  points,  1873.  31. — Signal  wires,  breakage  in  frosty 
weather,  41. — Great  variation  in  length  of  signal  wires  in  Eussia,  41. — 
Facility  for  repairs  in  improved  apparatus,  42. — Automatic  locking  of 
points  when  train  passing.  43. 
Turntable,  Wrought-iron,  Paper  on  an  improved  construction  of  wrought- 
iron  turntable,  1866,  43. — Load  that  turntables  will  carry,  50. — Cost 
about  the  same  as  cast-iron  turntables,  52. 
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Baird,  G.,  elected  Member,  1873,  87. 

Bakee,  S.,  elected  Member,  1866,  26i. 

Bakee,  W.,  elected  Member,  1848,  Apl.,  23. 

Bakee,  W.  P.,  Corn  Mill,  Buchholz,  Paper  on  the  BuchLolz  process  of 
decorticating  grain,  and  making  semolina  and  flour  by  means  of  fluted 
metal  rollers,  1872,  225. 

Balanced  Slide-Valve,  Paper  on  a  balanced  slide-valve  for  locomotive 
engines,  by  W.  G.  Beattie,  1871,  35. — Great  pressure  on  back  of  ordinary 
valve,  35. — Opposing  pressure  from  steam  in  cylinder,  35. — Actual  power 
required  to  move  slide-valve  under  steam,  36. — Description  of  balanced 
slide-valve,  37. — Mode  of  packing,  37. — Experiments  on  power  required 
to  move  balanced  valves  under  steam,  38. — Facility  of  reversing  under 
steam,  39. — Valves  and  spindles  lighter  and  much  cheaper  than  ordinary 
ones,  39. — Wear  very  slight,  39. — Great  saving  in  power  required  to  work 
valves,  40. 

Discussion. — Beattie,  W.  G.,  41,  43,  45. — Bramwell,  F.  J.,  43,  45. — 
Cowper,  E.  A.,  45. — Kirtley,  W.,  45. — Ramsbottom,  J.,  43,  46,  47. — 
Robinson,  J.,  45,  47. 

Balanced  Valve,  Paper  on  balancing  the  valves  of  steam  engines,  by  C.  F. 
Beyer,  1857,  189. — Ordinary  D  valve.  189. — Great  power  required  to 
start  it,  189.  —  Parallel  equilibrium  valve,  19. — Circular  balance  valve, 
190. — Steam-hammer  valve,  191. — Locomotive  slide-valve,  191. — Duplex 
valve,  with  expansion  cut-off,  191. — Ordinary  locomotive  valve,  wear 
from  unbalanced  pressure,  192. 

Discussion, — Maudslay,  H.,  193. — McConnell,  J.  E.,  195. — Morrison,  R., 
193.— Pilkington,  R.,  193,  195.— Tomlinson,  J.,  194.— Wilson,  J.,  192,  194. 

Balanced  Valve  for  steam  hammer,  preferable  to  self-acting  gear,  1857, 
192,  193. 

Balancing  of  Wheels,  Paper  on  the  balancing  of  wheels,  by  J,  E.  McConnell, 
1848,  June,  2. — Advantages  of  balancing  railway  wheels  and  other 
machinery,  2. — Violent  shaking  of  lathe  and  fan  at  high  speed  removed 
by  balancing,  3. — Centrifugal  forces  of  unequal  revolving  bodies,  4. — 
Means  of  balancing  engine  wheels  with  crank  axle,  5. — Wear  of  flat  place 
in  wheel  tyre  caused  by  want  of  balance,  5. — Model  illustrating  effects  of 
want  of  balance  in  wheels,  6 . 

Discussion. — Cowper,  E.  A.,8.— McConnell,  J.  E.,6,  7.— Middleton,W.,7. 

Baldwin,  J.,  Steam  Road  Roller,  weight  of  roller  per  inch  width  of  rollers 
not  equal  to  heavy  vans,  1870,  119. — Small  gravel  better  than  sand  for 
binding  road-metalling,  119. 

Baldwin,  M.,  elected  Member,  1865,  20.— Decease,  1873,  2.— Memoir,  16. 

Bank-Note  Printing  Machine.  See  Printing  Machine  for  Bank  Notes, 
1865,  166. 
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Bahber,  J.,   Decimal   Measurement,  use  of  metre  gauge  in   making  Giffard 

injector.  1860.  231. 
Barber,  T..  Jun.,  elected  Member.  1870,  19. 
Barclay,  A.,  elected  Member.  1870,  19. 
Barclay,  J.,  elected  Member,  1860.  13. 
Barclay.  W.,  elected  Member.  1865.  53. 
Barker,  F..  elected  Honorary  Member,  1865,  219. 
Barker,  G.,  elected  Member,  1866.  2G4. 
Barker,  P.,  elected  Member.  1860.  89. 
Barlow.  E.,  elected  Member,  1863,  .57. 
BARy  Machinery.     See  Agricultural. 
Bar  SARD,  C.  elected  Member,  1866.  55. 

Barometer,  Bourdon's  Metallic.     See  Pressure  Gauge.  1852.  141. 
Barrans,  J.,  Axlebox,  PajJer  on  an  improved  axlebox  for  railway  engines  and 

carriages,  1851.  Jan.,  30. 
Axlebox,  Supplementary  Paper  on  an  improved  axlebox  for  railway  engines 

and  carriages,  1851,  ApL,  3. — Engines  run  more  steadily  -with  improved 

axlebox,  5. 
Barrow,  .J.,  elected  Member.  1862,  314. 
BARROW.S,  T.  W.,  elected  Member,  1867,  59. 
Barry.  J.  W..  elected  Member,  1871,  65. 
Barry,  W.  H.,  elected  Associate.  1873.  250. 
Bartox.  E.,  elected  Member,  1862,  314. 

Iron  Manufacture,  Hajmatite,  advantage  of  pai-allel  throat  to  blast  furnace, 

1871,  139. 
Barwell,  W.  H.,  elected  Member,  1847.— Decease,  1865.  2.— Memoir.  13. 
Bashforth.  F.,  Teeth  of  Wheels,  Paper  on  the  formation  of  the  teeth  of  the 

drivers  of  pin-wheels.  1848,  Apl.,  4. 
Bass,  W.,  elected  Member.  1865.  20. 
Bastow.  S.,  elected  Member.  1859.  53. 

Boiler  Construction,  plain  cylindrical  boiler  most  durable,  1859.  224. 
Boiler  Economy,  great  length  of  plain  cylindrical  boilers  in  iron  districts 

of  the  North,  1859.  167. 
Bateman",  J.  F.,  Water  Works,  Manchester,  Paper  on  the  Manchester  Water 

Works.  1866,  245. 
Batho.  W.  F.,  elected  Member.  1860.  250. 

Drilling  Machine,  durability  of  drills,  1856,  112.— Expanding  drill,  112. 
Nut-Shaping  Machine,  Paper  on  an  improved  machine  for  shaping  nuts,  &c., 

1869.  312. 
Steam  Road  Roller,  Paper  on  a  steam  road  roller,  1870.  109.— Importance 

of  rolling  roads  to  preserve  sharp  edges  of  stones,  118.— Bearing  springs 

enable  to  roll  quicker,   122. — Picking  by  hand  necessary  after  use  of 

spiked  roller,  123. 
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Batley,  W.,  elected  Member,  1851,  July,  45. 

Bayliss,  T.  E.,  elected  Member,  1872,  26. 

Beacock,  R.,  elected  Member,  1859,  247. 

Beale,  M.,  elected  Associate,  1868,  104. 

Beale,  W.  p.,  elected  Member,  1860,  2.50. 

Coal  Mining,  successful  employment  of  wrought-iron  props,  1862,  85. 

Beaumo:;\T,  F.,  Major,  elected  Member,  1867.  59. 

Beaed,  G-.,  Puddling  Machine,  connection  of  rabble  to  machinery  must  not  be 
too  rigid,  1864,  307. — Better  iron  produced  by  machine  puddling,  307. 

Beaedshaw,  C.  C,  elected  Member,  1865,  218. 

Beaeings,  Wood.     See  Wood  Bearings,  1856,  24.— 1858,  81. 

Beasley,  J.,  elected  Member,  1851,  Apl.,  45. 

Blooming  Machine,   Paper  on   a   new  machine  for  blooming  iron,   1851, 

Apl..  36. 
Blooming  Machine,  Supiylementary  Paper  on  a  new  machine  for  blooming 
iron.    1851,   June,   3. — Strength  of  iron  from  machine,   11. — Saving  in 
wages,  12. — Cinder  thoroughly  squeezed  out,  12. — Hammered  iron  liable 
to  contain  cinder,  13. — Iron  hot  enough  to  weld  on  leaving  machine,  14. 

Beattie.  J.,  elected  Member,  1848. — Decease,  1872,  2. — Memoir,  15. 

Locomotive  Engine.  Paper  on  an  improved  locomotive  engine,  1854,  24. — 
Combustion  chamber  in  middle  of  boiler,  32. 

Beattie,  W.  G..  elected  Member,  1869,  77. 

Slide-Yalve,  Balanced,  Paper  on  a  balanced  slide-valve  for  locomotive 
engines.  1871,  35. — Balanced  valves  keep  in  working  order  longer  than 
ordinary  valves,  41. — Pie-facing  and  re-packing  wanted  after  18  months, 
41. — Different  constructions  of  packing,  42. — No  appreciable  wear  of 
valve  motion  in  2^  years,  43. 

Beck,  E.,  elected  Member,  1859,  13. 

Beck,  R.,  elected  Member,  1860,  53. 

Beck,  W.  H.,  elected  Member.  1873.  45. 

Beckett,  H.,  elected  Member,  1862,  93. 

Beckton,  J.  G.,  elected  Member,  1864,  121. 

Blast  Furnaces,  Paper  on  the  construction  of  blast  furnaces  and  the 
manufacture  of  pig  iron  in  the  Cleveland  district,  1864,  249. 

Bell,  C,  elected  Member,  1865,  101. 

Bell,  G.,  elected  Member,  1867,  18.— Decease,  1871,  2.— Memoir,  15. 

Bell,  I.  L.,  elected  Member,  1858,  266.-Council,  1870,  18.— Vice-President, 
1872,  25.-1873,  24. 
Blast  Furnaces,  experiments  on  large  furnace,  1869,  49. — Difficulty  of 
calculating  ultimate  economic  capacit)',  51. — Want  of  better  pyrometer, 
53. — Larger  furnaces  give  relatively  less  saving,  54. — Experiments  on 
action  of  carbonic  oxide  on  ironstone,  55. — Mode  of  estimating  saving 
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Bell,  I.  L.  (continued). 

due  to  lower  temperature  of  escaping  gaa,  56. — Rate  of  saving  diminishes 
rapidly  with  increased  capacity,  58. — Theoretical  minimum  consumption, 
59. 
Blast-Furnace  Materials,  Paper  on  the  preliminary  treatment  of  the 
materials  used  in  the  manufacture  of  pig-iron  in  the  Cleveland  district, 
1871,  147.—  No  advantage  from  reduction  of  oi'e  before  charging,  169. — 
Small  furnaces  probably  best,  172. — Impossible  to  distinguish  between 
grey  and  white  iron  by  analysis,  172. — Desirable  to  calcine  ore  before 
charging,  172. 
Furnace,  Revolving  Chemical,  not  much  gain  except  in  saving  of  labour, 

1869,  234. — Lining  of  revolving  furnace,  237. 
Hot-Blast  Stoves,  regenerative  stoves  give  much  higher  temperature  than 
ordinary  cast-iron  stoves,  1870,  80. — Arrangement  for  utilising  heat 
escaping  from  cast-iron  stoves,  81. — Doubtful  if  greater  control  over 
furnace  from  increased  heat  of  blast,  81. — Further  increase  in  capacity  of 
furnace  causes  not  much  reduction  in  temperature  of  escaping  gases,  83. — 
Impossible  greatly  to  increase  proportion  of  carbonic  acid  in  escaping 
gases,  84. — No  economy  possible  from  separate  reduction  of  ore  before 
charging,  87. 
Iron  Manufacture,  Haematite,  charcoal  not  superior  to  coke  for  fuel,  1871, 

143.— High  blast-furnaces  probably  not  best  for  haematite  district,  144. 
Steam  Boilers,  Mechanical  Firing,  greater  percentage  of  ash  in  small  than 
in  large  coal,  1869,  179. 
MvAAa,  J.,  elected  Member,  1865,  218. 
Bell,  Pneumatic.    See  Pneumatic  Signal  Bell,  1857,  83. 
Bell,  T.,  Water  Meter,  accuracy  of  Siemens'  meters  under  varying  pressures, 

1856,  121. — Piston  meters  not  successful,  122. 
Bellhouse,  E.  T.,  elected  Member,  1857,  201. 

Railway  Bridges,  important  to  allow  margin  in  weight  of  motal  beyond 
that  required  for   safety,  1861,  186.  —  Protection   from   corrosion  very 
important,  186. 
Belliss,  G.  E.,  elected  Member,  1868,  103. 
Bennett,  H.,  elected  Member,  1865,  20. 

Puddling  Machine,  Paper  on  puddling  iron  by  machinery,  1864,  298. 
Bennett,  P.  D.,  elected  Member,  1854,  110. 

Blast  Furnaces,  Scotch  irons  stand  higher  tests  than  Staffordshire,  1864, 185. 
Bennett,  W.,  Jun.,  elected  Member,  1872,  119. 
Benson,  G.  H.,  elected  Member,  1865,  20. 
Benson,  M.,  elected  Member,  1865,  20. 

Boiler,   High-Pressure,  importance   of  maintaining  circulation  in   tubular 
boilers,  1859,  274.— Freedom  from   deposit,   274.— Tube  joints,  275.— 

C 
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Benson,  M.  (continued). 

Replacing  defective  tube,  275. — Rapid  raising  of  steam  in  fire  engines, 
276. — Evaporative  duty,  276. — "Wrought-iron  tubes  soon  destroyed  by  fire 
if  circulation  of  water  deficient,  1861,  41.— Facility  for  repairs,  41. 
Bentley,  J.  (Jr.,  elected  Member,  1873,  45. 

Beedan  Crushing  and  Amalgamating  Machine.     See  Crushing,  1864,  33. 
Berkley,  G.,  elected  Member,  1847.— Re-elected,  1867,  234. 
Bernhardt,  G.,  elected  Member,  1867,  59. 
Bessemee,  H.,  elected  Member,  1861,  109.— Council,  1871,  20. 

Bessemer  Steel,  Paper  on  the  manufacture  of  cast  steel  and  its  application 
to  constructive  purposes,  1861,  133. — Bessemer  process  more  economical 
than  cementation,  146.— Great  saving  of  time,  147. — Facility  for  making 
steel  of  any  degree  of  hardness,   148. —Great  facility  for  judging  of 
quality  of  metal  during  process,  152. — Steel  boiler  plates  less  liable  to 
corrosion   than  iron,   152. — Strength  of   steel  guns,   155.  —  Process  of 
casting  and  forging  a  gun,   156. — Not  much  hammering   requisite  to 
give  metal  its  maximum  tensile  strength,  157. 
Railway  Bridges,  mode  of  sinking  tubular  piles  in  sand  by  means  of  a  stream 
of  water,  1861,  185. 
Bessemer  Steel.     See  Steel,  Bessemer,  1861,  133. 
Bethell,  J.,  Creosoting  Timber,  amount  of  creosote  absorbed  by  wood,  1851, 

Oct.,  15,  16. — Protection  against  the  teredo,  15. 
Bevis,  R.  R.,  elected  Member,  1866,  55. 
Bewlay,  H.,  elected  Member,  1870,  61. 

Beyee,  C.  F.,  Original  Member,  1847.— Vice-President,  1847.— 1848.— 1849, 

Jan.,  9.— 1850,  Jan.,  4.-1851,  Jan.,  8.— 1852,  8.-1853,  7.- Council, 

1854,  5.-1856,  6.— 1858,  12.— 1861,  IS.— Vice-President,  1863,  14.— 

1864, 18.-1865,  19.-1866,  16.-1867, 17. 

Atlas  Engine,  Paper  on  the  luggage  engine  "Atlas,"   1847,  Nov.,  3. 

Balanced  Valve,  Paper  on  balancing  the  valves  of  steam  engines,  1857,  189. 

Boring  Locomotive  Cylinders,  Paper  on  boring  and  fitting  up  cylinders  for 

locomotive  engines,  1848,  Apl.,  3. 
Compressed-Air    Hammer,    Paper  on   Waterhouse's   compressed-air   forge 

haiiimer,-1858,  118. 
Locomotive  Boiler,  degree  of  exhaustion  in  smokebox,  1849,  July,  10. 
Tuyere,  Paper  on  an  improved  tuyere  and  smith's  hearth,  1855,  125. 
Valve  Packing,  Paper  on  Waddell's  improved  packing  for  the  slide-valves 

of  marine  engines,  1856,  61. 
Wrought-Iron  Wheel,  cast-iron  locomotive  wheels  working  well  many  years, 
1849,  Apl.,  19. 
BiNNS,  C,  elected  Member,  1861,  53. 
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BiRCKEL,  J.  J.,  elected  Member,  1863,  246. 

Pump,  Horizontal  V,  Paper  on  a  horizontal  V  pump,   1864,  33. — Greater 
delivery  than  ordinary  pump,  38. — Working  parts  easily  accessible,  39. — 
Better  vacuum  than  ordinary  pump,  40. 
Bird,  A.,  Filter,  sandstone  filter  rapidly  choked,  1854,  77. 

Signal,  transmission  through  column  of  water  containing  large  amount  of 
air,  1854,  54. 
Biekbeck,  J.  A.,  elected  Member,  1866,  264. 
BiELEY,  H.,  Original  Member,  1847. 
Birmingham  Railway  Station  Roof.     See  Roof,  1854,  79. 
Summer  Meeting,  1860,  89. 

Water  Works,  pumping  engines.     See  Pumping  Engines,  1853,  110. 
Blackburn,  L,  elected  Member,  1856,  2.50. 

Blackwell,  S.  H.,  elected  Member,  1851,  Jan.,  8.— Council,  1853,  8.— Vice- 
President,  1854,  5.— 1855,  5.— Decease,  1869,  2.— Memoir,  15. 
Blast  Furnaces,  Paper  on  the  arrangement  of  the  materials  in  the  blast 
furnace,  and  the  application  of  the  waste  gases,  1852,  191. — Production 
of  carbonic  oxide  in  furnace,  201. — Saving  of  coal  from  use  of  waste 
gases,  203. — Accumulation  of  dust  in  pipes,  203. — Reduction  of  iron  ore 
when  heated  in  carbonic  oxide  or  carburetted  hydrogen,  205. 
Boring,  Paper  on  Kind's  improved  system  of  boring,  1854,  87. 
Coking,  Paper  on  a  new  process  of  open  coking,  1860,  188. — Improved 
yield  of  coke,  197. — Effect  of  ammoniacal  liquor  in  preventing  scurf  in 
boilers  and  tuyeres,  198. 
Safety  Lamp,  Paper  on  an  improved  miner's  safety  lamp,  1851,  Oct.,  23. — 
Increased  light  from  Eloin  lamp,  27. — Strength  and  durability,  27. 
Bladen,  C,  elected  Member,  1865,  101.— Decease,  1873,  2. — Memoir,  17. 
Blaib,  J.,  elected  Member,  1870,  125. 
Blake,  F.  W.,  elected  Graduate,  1869,  277. 
Blake,  H.  W.,  elected  Member,  1862,  314. 

Bl.\ke  Stone-Beeaking  Machine.  See  Stone-Breaking  Machine,  1864,  20. 
Blast  Furnaces,  Paper  on  the  arrangement  of  the  materials  in  the  blast 
furnace,  and  the  application  of  the  waste  gases,  by  S.  H.  Blackwell, 
1852,  191. — First  attempt  to  utilise  waste  gases,  191. — Wrought-iron 
cylinder  in  furnace  throat,  193. — Closed  top  with  internal  cone  and 
cylindrical  valve,  194. — Movable  closing  cone,  195. — White  iron  caused 
by  pressure  from  closed  top,  197, — Taking  off  gases  from  open-topped 
furnace,  198. — Investigation  of  action  of  blast,  199. — Conclusions  from 
use  of  waste  gases,  200. 

2>is(;Mmow.— Blackwell,  S.  H.,  200,  201,  202,  203,  204,  205.— Gibbons, 
B.,  201,  202,  204.— Mathews,  W.,  203,  204.— McConnell,  J.  E.,  201,  205.— 
Slate,  A.,  201,  202,  203,  205.— Stephenson,  R.,  200,  203,  204,  205,  206. 
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Blast  Furnaces,  Paper  on  the  working  and  capacity  of  blast  furnaces,  by 
C.  Cochrane,  1864,  163.— Different  constructions  of  closed  top,  163. — 
Importance  of  uniform  distribution  of  gases  and  materials  in  furnace, 
164. — Absorption  of  heat  by  increased  height  of  furnace,  165. — Hot  and 
cold  blast,  167. — Diameter  of  furnace,  171. 

i>iscu6A-Jo«.— Anderson,  J.,  182,  183,  184,  186.— Bennett,  P.  D.,  185.— 
Bramwell,  F.  J.,  177,  184,  187.— Cochrane,  C,  172,  173,  174,175,176, 
180,  182.— Cowper,  E,  A.,  177,  186.— Fernie,  J.,  181.— Haden,  W.,  183.— 
Napier,  R.,  172,  173,  175,  176,  182,  187.— Reynolds,  B.,  174.— Swindell, 
J.  E.,  173,  176,  181,  183. 
Blast  Furnaces,  Cleveland,  Paper  on  the  construction  of  blast  furnaces  and 
the  manufacture  of  pig  iron  in  the  Cleveland  district,  by  J.  G.  Beckton, 
1864,  249. — Dimensions  of  furnaces,  249. — Materials  used  per  ton  of 
pig  produced,  249. — Chief  improvements  causing  economy,  250. — 
Different  constructions  of  furnaces,  251. 

Discussion.— MAm&on,  D.,  263,  254,  255,  259.— Addenbrooke,  G.,  263, 
—Bramwell,  F.  J.,  259,  260,  263,  264.— Cochrane,  C,  256,  257,  260,  262, 
263.— Cowper,  E.  A.,  257,  264.— Napier,  R.,  254,  255,  258,  262,  263,  264.— 
Perry,  T.  J.,  264.— Robson,  N.,  255,  258,  259,  262.— Thomson,  G. ,  255, 
256,  261,  264. 
Blast  Furnaces,  Grosmont.  See  Iron  Works,  1863,  225. 
Blast-Furnace  Gas,  Paper  on  a  method  of  taking  off  the  waste  gases  from 
blast  furnaces,  by  C.  Cochrane,  1860,  121. — Economy  to  be  effected  by 
taking  off  waste  gases,  121. —  Arrangement  of  materials"  in  furnace, 
122. — Closed-top  furnace  more  sensitive  to  irregularities  than  open-top 
furnace,  122.  -  Mode  of  taking  off  gases  from  closed-top  furnace,  123. — 
Employment  of  gas  in  stoves,  &c.,  124. — Deposit  in  stoves  when  furnace 
fed  with  Durham  coke,  125. — Very  little  back  pressure  in  closed-top 
furnace  if  gas  outlets  are  large  enough,  126. 

Discussion. — Adamson,  D.,  134. — Cochrane,  A.  B.,  131. — Cochrane,  C, 
127, 129, 134.— Cowper,  E.  A.,  130, 132.— Fenton,  J.,  135.— Lloyd,  Sampson, 
132.— Lloyd,  Samuel,  129.— Markham,  C,  128,  132.— Mathews,  W.,  126.— 
Siemens,  C.  W.,  129.-  Snowdon,  T.,  133,  134.— Swindell,  J.  E.,  131. 
Blast-Furnace  Gas,  Paper  on  taking  off  the  waste  gas  from  open-topped 
blast  furnaces,  by  Samuel  Lloyd,  Jun.,  1860,  251. — Failure  of  early 
attempt  to  take  off  gas  from  open-topped  furnace,  251. — Use  of  fan  to 
draw  off  gas  for  hot-blast  ovens,  252. — Trial  of  closed  top  ;  white  iron 
only  produced,  253. — Arrangement  of  central  tube  descending  some 
distance  into  materials  in  furnace,  254. — Cast-iron  ends  to  tube  inside 
furnace  much  more  durable  than  wrought-iron,  256. — Improved  form 
of  apparatus  for  taking  off  gas  from  open-top  furnace,  257. — Mode  of 
supplying  gas  to  boilers,  257.— Firebrick  casing  to  ca<t-iron  tube  inside 
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furnace,  258. — Stoppage  on  Sundays,  259. — Importance  of  free  escape  of 
gas  from  furnace,  261. — Increased  make  of  iron  after  taking  off  the  gas, 
262. — Saving  in  cost  of  fuel,  263. — Increased  amoimt  of  ironstone  and 
limestone  per  ton  of  iron  made,  264. — ^Open-topped  plan  of  taking  off  gas 
preferable  to  closed  top,  264. 

Discussion.— BrarnvreU,  F.  J.,  272.— Cochrane.  C,  267,  268,  272,  274. — 
Cowper,  E.  A.,  269,  271,  275.— Fenton,  J.,  268,  269.— Lloyd,  Samuel,  Jun., 
268,  269,  271,  272,  273,  274,  275.— Markham,  C,  274.— Mathews,  W.,  268, 
270.— Maudslay,  H.,  267,  273,  275,  276.— Siemens,  C.  W.,  274.— Solly, 
N.  N.,  269,  271,  272,  278.- Thomson,  G.,  268. 
Blast-Fcenace  Gas,  Pajjer  on  an  improved  method  of  taking  off  the  waste 
gas  from  open  topped  blast  furnaces,  by  G.  Addenbrooke,  1865,  235. — 
Close-top  and  open-top  systems  of  taking  off  gas,  236. — Different  plana 
on  open-top  system,  237.— Important  not  to  take  off  all  the  gas,  237. — 
Level  of  gas  openings  very  important,  239. — Description  of  improved 
plan,  241. — Advantages,  245. 

Disaission.—XMenhrooke,  G.,  247,  248,  249,  250,  251,  254,  255.— 
Haden,  W.,  250.— Jones,  J.,  255.— Maudslay,  H.,  251,  255.— Millward,  P. 
A.,  247,— Sandberg,  C.  P.,  251.— Solly,  N.  N.,  246.-  Swindell,  J.  E.,  247, 
248,  249. 
Blast-Fuenace  Gas,  Paper  on  the  further  utilisation  of  the  waste  gas  from 
blast  furnaces,  and  the  economy  of  coke  due  to  increased  capacity  of 
furnace,  by  C.  Cochrane,  1869,  21. — Double-closed  furnace  top  to  prevent 
loss  of  gas,  22. — Explosion  valves  in  furnace  cover.  23. — Amount  of  gas 
lost  by  lowering  bell  for  charging,  23. — Value  of  gas  thus  lost,  24. — 
Effect  of  increased  size  of  furnace  in  diminishing  consumption  of  coke, 
25. — Calculation  of  effect  of  increased  size  of  furnace  on  heating  effect  of 
evolved  gas,  25. — Connection  between  temperature  of  escaping  gas  and 
consumption  of  coke  as  influenced  by  size  of  furnace,  28. — Calculation 
of  saving  in  escaping  gas  from  larger  furnace,  80. — Maximum  limit  of 
size  of  furnace,  31. — Theoretical  minimimi  consumption  of  coke,  32. 

Discmsion.—Kdide-ahvodke,  G.,  35, 36, 41.— Bramwell,  F.  J.,  33,  36, 43.— 
Cochrane,  C,  38,  40,  41. — Cowper,  E.  A.,  37. — Lloyd,  Sampson,  40. — 
Lloyd,  Samuel,  37.— Lloyd,  W.,  41.— Marten,  H.  J.,  40,  43.— McEwen, 
L.  T.,  42.— Siemens,  C.  W.,  33,  39,  42. 
Blast-Furxace  Gas,  Supplementally  Paper  on  the  further  utilisation  of 
the  waste  gas  from  blast  furnaces,  and  the  economy  of  coke  due  to 
increased  capacity  of  furnace,  by  C.  Cochrane,  1869,  45. — Correction 
for  calculation  of  maximum  size  of  furnace,  45. — Rate  of  driving  does 
not  affect  economy  of  fuel,  47. — Conclusions,  48. 
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Blast-Fuenace  Gas  (continued). 

Discussion.— Addenhvoo^c,  G.,  74.— Bell,  I.  L.,  49,  73,  74.— Bramwell, 
F.  J.,  68,  73.— Cochrane,  C,  70.— Cochrane,  W.,  73.— Penn,  J.,  76,— 
Siemens,  C.  W.,  62. 

Blast-Fuexace  Materials,  Paper  on  the  preliminary  treatment  of  the 
materials  used  in  the  manufacture  of  pig-iron  in  tlie  Cleveland  district, 
by  I.  L.  Bell,  1871,  147. — Fuel,  ore,  and  flux  used  in  Cleveland  district, 
147. — Loss  of  volatile  portion  of  coal  in  coking,  148. — Calcining,  148. — 
Action  of  the  blast,  149. — Disadvantage  of  using  raw  coal,  150.— Action 
of  coke  oven,  150. — Breckon  and  Dixon's  coke  oven,  151. — Appolt's,  151. 
— Pernolet's,  152. — Quality  of  coke  made  in  flued  ovens  is  inferior,  152. — 
Heat  evolved  by  combustion  of  coke  into  carbonic  oxide,  153. — Cause  of 
inferiority  of  soft  coke  from  flued  ovens,  153. — Coking  coal  by  combustion 
of  waste  gases  from  furnace,  155.— Reducing  the  iron  ore  separately 
before  its  introduction  into  furnace,  156. — Charging  furnace  with  raw 
ore,  159. — Appropriation  of  heat  in  furnace,  161. — Not  desirable  to  use 
all  raw  ore,  162. — Employment  of  raw  limestone,  163. 

Discussion— Barrett,  W.,  170.— Bell,  I.  L.,  168, 172.— Cochrane, C,  167, 
171.— Cochrane,  W.,  171.  — Jones,  E,  F.,  169,  170.  — Lloyd,  W.,  168.— 
Marley,  J.,  171.— Eamsbottom,  J.,  174.— Siemens,  C.  W.,  165,— Williams, 
E.,  170,  174. 

Blast-Fuenace  Tutbee,  Paper  on  a  gunmetal  tuyei-e  for  blast  furnaces,  by 
N.  N.  Solly,  1865,  256. — Cast  and  wrought-iron  tuyeres,  256. — Gunmetal 
tuyere,  257. — Advantages  of  the  gunmetal  tuyere,  259. — Improved  form 
of  gunmetal  tuyere,  261. 

Dismission.— Addenhrooke,  G.,  2G3.— Maudslay,  H.,  262,  263,  264,— 
Solly,  N.  N.,  262,  263,  264, 

Blast  Pipe.     See  Locomotive, 

Bleaching  with  Steam  Dash  Wheel.     See  Dash  Wheel,  1856,  239. 

Bleckly,  J.  J.,  elected  Member,  1867,  59. 

Blinkhoen,  W.,  elected  Associate,  1867,  60. 

Bloomee,  B.  G.,  elected  Member,  1869,  276. 

Blowing  Engine,  Paper  on  a  blowing  engine  working  at  high  velocities,  by 
A.  Slate,  1850,  July,  16. — Early  blowing  engines,  17. — Regulating  tub, 
17, — Experimental  blowing  engine  at  very  high  speed,  19. — Proposed 
high-speed  blowing  engine,  20. — Cost,  22. — Air-pressm-e  engines  for 
cranes,  &c.,  23. 

Discussion. — Cowper,  E.  A.,  25,  26. — Davies,  I.,  24,  25. — McConnell, 
J.  E.,  23,  26,— Robinson,  H.,  24,  25,— Slate,  A.,  23,  24,  25,  26.— Smith, 
W.,  25. 

Blowing  Engine,  Paper  on  a  new  blowing  engine  working  at  high  velocities, 
by  A.  Slate,  1851,  July,  37. — Slow  speed  of  ordinary  blowing  engines, 
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BLOWIN&  Engine  (continued). 

37.— Description  of  new  blowing  engine,  38.— Trial  of  working,  39.— 

Saving  in  cost,  40. 

Biscusswn.-B^vies,  I.,  41.-McConnell,  J.  E.,  40,  41.-Middleton.  W., 

40,  41.— Slate,  A.,  40,  41.— Smith,  W.,  41. 

Blowing  Engine,  Paj>er  on  a  set  of  six  blast  engines  made  for  the  Bast 
Indian  Iron  Company,  by  E.  A.  Cowper,  1855,  154.-Deecription  of 
engines,  155.  — Air  valve,  156.  — Air  cylinder,  156.- Convenience  of 
transport,  157.— Particulars  of  working,  158. 

Discusswn.-Adams,  W.  A.,  162.-Clift,  J.  E.,  161,  162.-Cwper,  E.  A., 
159, 160,  161,  162.— Fairbairn,  W.,  158,  159,  160,  162.— Lloyd,  Sampson, 
16l!— Lloyd,  Samuel,  Jun.,  159,  160,  161.— Maudslay,  H.,  162. 

Blowing  Engine.     See  Dowlais  Ironworks  Engines,  1857,  112. 

Blowing  Engine,  Paper  on  the  improved  compound-cylinder  blowing  engines 
at  the  Lackenby  Iron  Works,  Middlesbrough,  by  A.  C.  Hill,  1871,  175.— 
Description  of  engines,  176.— Arrangement  of  cranks  opposite  each 
other,  176.— Surface  condenser,  177.— Blowing  cylinders,  178.— Boilers, 

179. 

Discussion— mn,  A.  C,  180.— Ramsbottom,  J.,  181.  — (Adjourned. 

See  following  paper,  1872,  274.) 
Blowing  Engine,  Paper  on  the  working  of  the  improved  compound-cylinder 
blowing  engines  and  Howard  boilers  at  the  Lackenby  Iron  Works, 
Middlesbrough,  by  A.  C.  Hill,  1872,  274.— Indicator  diagrams,  description 
of,  274.  — Balanced  slide-valves,  275.  — Howard  boilers,  278.  — Joints 
of  pipes,  278.  — Cleaning  of  boilers,  279.— Work  done  by  boilers,  279. 
{See  previous  paper,  1871,  175.) 

mscussion.-Boixsmd,  E.  T„  283,  284,  285.-Bramwell,  F.  J.,  286.- 
Chapman,  H.,  287.-Claridge,  T.,  286.-Halpin,D.,  281.-Hin,  A.  0.,  281, 

282,  285,  287.— Holt,  H.  P.,  282.— Paget,  A.,  282.— Siemens,  C.  W.,  281, 

283,  284,  285,  287.— Thompson,  W.,  284.— Tweddell,  R.  H.,  283. 
Bltth,  a.,  elected  Member,  1862,  314. 

Boeddinghaus,  J.,  elected  Member,  1863,  246. 

Boiler,  Paper  on  an  improved  boiler  for  marine  engines,  by  A.  Lamb,  1852, 
9'.— Efficiency  of  marine  tubular  boilers  much  diminished  by  choking 
and  incrustation  of  tubes,  10.— Description  of  improved  flat-flued  boiler, 
11 —Particulars  of  working,  13.— Construction  of  flues,  15. 

Disoussion.-Ml&u,  A.,  17.-Cowper,  E.  A.,  16, 17, 18.-Jones,  E.,  16.- 
McConnell,  J.  E.,  16,  17,  18.— Middleton,  W.,  17.— Shanks,  A.,  16,  17,  18. 

Boiler  Paper  on  a  new  steam-engine  boiler,  by  T.  Forsyth,  1854,  101.- 
Requirements  for  proper  combustion  of  coal,  lOl.-Balanced  firegrate, 
101  .—Fusible  plug,  102.— Prevention  of  corrosion  from  galvanic  currents, 
102. — Feed-water  heater,  102. 
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Boiler  (continued). 

Mscussion. — Adams,  W.  A.,  105.— Chellingworth,  T.  T.,  104.— Cowper, 
E.  A.,  105.— Fairbairu,  W.,  103,  104,  105,  106.— Forsyth,  T.,  103. 

Boiler,  Paper  on  an  improved  steam-engine  boiler,  by  H.  Wright,  1854, 
123. — Description  of  boiler,  133. — Modification,  124. — Advantages,  124. — 
Difficulties  in  application,  125. — Tubular  heating  surface,  127. 

Discussion— Q)iQ\\mgv/ovi\L,  T.  T.,  131.— Fairbairn,  W.,  129,  1.30,  132, 
133.— Fernie,  J.,  131.— Johnson,  W.  B.,  130,  131,  132.-McConnell,  J.  E., 
1-30,  131,  132.— Prideaux,  T.  S.,  130.— Wright,  H.,  129,  130,  133. 

Boiler,  Paper  on  a  new  duplicate  retort  steam  boiler,  by  T.  Dunn,  1855,  191. — 
Difficulty  of  transporting  large  boilers,  191. — Description  of  new  retort 
boiler,  192. — Reversing  boiler  to  equalise  wear,  193. — Absence  of  scale, 
194. — Particulars  of  working,  195. 

Discussion  — B&yev,  C.  F.,  197,  198.— Dunn,  T.,  196,  197,  198— 
Forsyth,  T.,  196.  —  Jackson,  P.  R.,  198,  — Longridge,  R.  B.,  198.— 
Ramsbottom,  J.,  195,  197,  198.— Siemens,  C.  W.,  196. 

Boiler,  Paper  on  a  steam  boiler  with  combined  internal  and  external  furnaces, 
by  J.  Stephen,  1856,  213.— Description  of  boiler,  213. — Absence  of 
strain  from  unequal  expansion,  214. — Self  acting  boiler  feed,  214. — 
Self-acting  damper,  214. 

Discussion.— Dviwi,  T.,  215.— Fairbairn,  W.,  215.— Harvey,  R.,  216.— 
Johustone,  J.,  215. — Stephen,  J.,  215. 

Boiler.  Paper  on  an  improved  construction  of  upright  steam  boilers,  by  T. 
Dunn,  1857,  130. — Boiler  with  two  furnace?,  130.— Evaporative  duty, 
131. — Boiler  with  circular  down-draught  flue,  131, 

Discussion.— BoMs,  I.,  133.— Dunn,  T.,  131,  1.''.2,  133.— Fairbairn,  W., 
132,  133.— Maudslay,  H.,  13L  132.— Roberts,  R.,  133.— Tosh,  G.,  132. 

Boiler,  Paper  on  steam  boilers  with  small  water-space,  and  Root's  tube  boiler, 
by  C.  Cochrane,  1871,  229.— Early  cast-iron  boilers,  Woolf's,  Hancock'*?, 
Ogle's,  Hancock's  flat-chamber  boiler,  James's  annular  boiler,  230. — 
Wrought-iron  boilers,  Perkins's,  Belleville's,  231.— Jordan's,  Harrison's, 
Benson's,  232 —Boilers  for  steam  fire-engines.  Field's,  233. — Howard's, 
Allen's,  234.— Table  of  water  contents  of  various  boilers,  235. — Description 
of  Root's  tube  boiler,  235. — Facility  of  repairs,  238. — Firing  with  waste 
gas  or  with  coal,  241.  -Evaporative  duty,  242. — Conditions  necessary  for 
satisfactory  working  of  boilers  with  small  water-space,  243. 

Discmsion.—V,e\\,  T.,  254.— Clay,  W.,  253.— Cochrane,  C,  244,  249,  251, 
252,  254,  255,  256.— Cochrane,  W.,  245.— Gilkes,  E.,  251.— Hughes,  G.  D., 
252.— Kesterton,  H.,  246,  251,  252,  253.— Marshall,  F.  C,  256.— Marten, 
E.  B.,  245.— Olrick,  L.,  246.— Ramsbottom,  J.,  244,  263,  256.— Smith, 
W.  F.,  255.— Thompson,  W.,  251.— Whitley,  J.,  246.— Whitwell,  T.,  251. 
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BoiLEB,  Cast-IEOX,  Paper  OQ  Harrison's  cast-iron  steam  boiler,  by  Z.  Colburn, 
1864,  61. — Early  high-pressure  boilers,  61. — Increase  of  pressure  in 
locomotives,  62. — Danger  of  ordinary  large  wrought-iron  boilers,  63. — 
Description  of  Harrison's  cast-iron  boiler,  65. — "Weight  of  boiler,  66. — 
Bursting  strength,  67. — Xo  injury  caused  by  expansion,  70. — Freedom 
fi'om  scale,  72. — Evaporative  efiSciency,  75. — Experiments  on  evaporative 
eflSciency,  76. —  Machine  for  facing  joints,  78. — Advantages  of  boiler,  79. 
Discussion.— ^^^Qx,  C.  F.,  87.— Colburn,  Z.,  80.— Everitt,  G.  A.,  81.— 
Hetheriugton,  J.  M.,  89.  —  Luders,  T.  L.,  81,  82,  8i.  87,  88,  91.— 
Ramsbottom,  J.,  80,  82,  91.— Reynolds,  E.,  88.— Siemens,  C.  W.,  83.— 
Smith,  L,  90.— Webb,  F.  W..  87. 

BoiLEK,  Cast-ieox,  Paper  on  Miller's  cast-iron  steam  boiler,  by  J.  Laybourne, 
1871.  263.  —  Description  of  boiler,  268.  —  Provision  for  circulation, 
264. — Protection  of  joints  from  fire,  265. — Particulars  of  boiler  at  Isca 
Foundry,  267. — Boiler  at  City  Flour  Mills,  Worcester,  268. — Advantages 
of  boiler,  269.— Evaporative  duty,  270. — Self-acting  feed,  272. 

Z')5c«s«?w.— Cochrane,  C,  273,  276,  279.  —  Hawksley,  T.,  276.— 
Laybourne,  J..  273,  276.  277,  278.  279,  280.— Marten,  E.  B.,  275,  277, 
278.— Ramsbottom,  J..  275,  276,  277.  278,  280.— Taunton,  R.  H.,  277.— 
Tomlinson,  J.,  274,  277,  279.— Vallance,  F.  B.,  277.— Williams,  R.,  278, 
279. 

BoiLEB  AND  CoNDEXSEB,  Paper  on  a  boiler  and  condenser  suitable  for 
extending  the  Cornish  economy,  and  for  preventing  boiler  explosions,  by 
T.  Craddock.  1848,  Apl,  5. — Extensive  surface  and  thin  metal  required 
for  transmission  of  heat,  6. — Furnace  required  to  be  completely 
surrounded  by  water,  6. — Sectional  area  of  boiler  dinjinished  for  rendering 
high  pressure  safe,  6. — Quantity  of  water  in  boiler  diminished  for 
reducing  efEects  of  explosion.  6. — High-pressure  steam  and  condensing 
important  for  economy,  6.— Improved  boiler  with  increased  gi-ate  surface 
and  slow  combustion,  6. — Facility  for  generating  high-pressure  steam, 
6. — Continuous  supply  of  pure  water  for  boiler  from  condenser,  6. 

i?j«c?/«5i<?w.— Buckle,  W.,  8,  9.— Craddock,  T.,  7,  8,  9, 10, 11.— Crampton, 
T.  R.,  9.— Cowper,  E.  A.,  7,  8.— Jackson,  P.  R.,  11.— McConnell,  J.  E.,  7, 
8,  9,  10,  11.— Stephenson,  G.,  7,  8,  9,  10. 

BoiLEB  AKD  CoXDESSEE.  Supplementary  Paper  on  a  boiler  and  condenser 
suitable  for  extending  the  Cornish  economy,  and  for  preventing  boiler 
explosions,  by  T.  Craddock,  1848,  June,  11. — Advantage  of  double- 
cylinder  engine  for  high  expansion,  11. — Great  strain  on  engine  with 
single  cylinder  and  heavy  flywheel,  11. — Extent  of  surface  required  in 
air  condenser,  12. — Comparative  light  weight  of  boiler  and  condenser,  12. 
Uiscvssion. — Cowper,  E.  A.,  13.— Craddock,  T.,  12,  13. — McConnell, 
.J.  E.,  13.— Smith,  H.,  13. 
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Boiler  Construction,  Paper  on  the  construction  and  durability  of  steam  boilers, 
b)'  B.  Goodfellow,  1859,  217. — Leakage  of  tubes  in  large  multitubular 
boiler,  217. — Large  internal  flues  close  together,  failure  of  bottom  of 
boiler,  217. — Internal  tiues  should  be  reduced  in  diameter  at  ends,  218. — 
Gusset  stays  superseded  by  T  iron  girders  across  end  plate.  219. — Action 
of  expansion  of  flues  in  straining  boiler  shell,  220.- -Failure  of  plain 
cylindrical  boilers  at  bottom.  220. — Boilers  worked  day  and  night,  not  so 
much  strained  as  when  allowed  to  cool  after  day's  work,  221. — 
Multitubular  boiler  with  arched  tubes,  222. 

Discussion. — Adamson,  D..  228.  —  Bastow,  S.,  22-t.  —  Cowper,  E.  A., 
229.— Goodfellow.  B.,  223,  226,  229.— Harman,  H.  W.,  225.— Longridge, 
R.  B.,  222.  — Penn,  J.,  229.  —  Richardson,  W.,  227.  —  Spencer,  J.  F., 
224. 

BoiiiER,  Cornish,  experiments  on  evaporative  duty  of,  1873,  178,  181,  186. 

Boiler,  Corrosion  of.  Paper  on  the  corrosion  of  locomotive  boilers  and  the 
means  of  prevention,  by  W.  Kirtley,  1866,  56. — Number  of  explosions, 
56. — Grooving  in  locomotive  boilers,  56. — Ordinary  construction  of 
boilers,  57. — Particulars  of  corroded  boilers,  59. — Local  corrosion  at 
rigid  stays,  brackets,  &c.,  60. — Flanged  tube-plate,  61. — Cause  of 
corrosion  at  joints,  61. — Thickened-edge  plates,  62. — Welded  barrel,  63. — 
Success  of  butt-jointed  boiler,  6-1. — Flanging  machine  for  thick-edge 
plates,  65.  —  Bending  machine,  65.  —  Welding,  66.  —  Blocking,  67. — 
Experiments  on  welded  joints,  67. — Comparative  cost  of  welded  and 
ordinary  boilers,  68. — Success  of  welded  boilers,  68. 

Discussion.— Y&XQXQ,  J.,  74. — Kirtley,  W.,  69,  78.— Longridge,  W,  S., 
76.— Maudslay,  H.,  73,  78.— Naylor,  W..  69,  76.— Webb,  F.  W.,  72,  73. 

Boiler  Economy,  Paper  on  the  relative  economy  and  durability  of  various 
classes  of  stationary  steam  boilers,  by  R.  B.  Longridge,  1859,  147. — 
Proportionate  numbers  of  difEerent  boilers  now  working,  147. — 
Consumption  of  fuel  per  Ind.  H.  P.  per  hour,  148. — Evaporative  duty  of 
various  kinds  of  boilers,  149. — Area  of  firegrate  and  heating  surface, 
150. — Effect  of  shape  of  heating  surfaces,  150. — Particulars  of  experiments 
on  evaporative  duty,  152. — Durability,  defects,  &c.,  of  various  forms  of 
boilers,  155. — Plain  cylindrical  boiler  not  economical,  but  verj'  simple 
and  strong,  155. — Cornish  boiler,  great  straining  of  plate  from  expansion, 
156.  —  Adamson's  flanged  seams,  157.  —  Galloway  boiler,  very  good 
circulation,  157. — Multitubular  boiler,  158. — Table  of  consumption  of 
fuel,  160. — Table  of  evaporative  duty,  161. — Table  of  area  of  heating 
surface,  162. 

Discussion. — Bastow,  S.,  166. — Carrett,  W.  E.,  166.  —  Goodfellow,  B., 
165.— Kitson,  J.,  164.— Longridge,  R.  B.,  163,  164,  166.— Penn,  J.,  16.3, 165, 
166.  167. 
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BoiLEB  Explosion,  Paper  on  the  recent  boiler  explosion  at  Dudley,  by  W. 
Smith,  1848,  June,  14. — Boiler  heated  by  puddling  furnace,  14. — Heating 
surface  and  steam  space,  14. — Evaporation  of  water,  14. — Steam  space 
too  small  in  proportion  to  heating  surface,  15. — Particulars  of  the 
explosion,  15, 

i)i»c?<ssio7i.— Cowper,  E.  A.,  16.— McConnell,  J.  E.,  16. — Smith,  W.,  16. 

Boiler  Explosions,  Paper  on  steam  boiler  explosions  and  their  records,  and 
on  inspection  as  a  means  of  prevention,  by  E.  B.  Marten,  1866,  130. — 
Early  sources  of  information,  130. — Classification  of  recorded  explosions 
in  present  century,  132. — Collapse  from  vacuum,  133. — Erroneous  theories 
of  explosion,  134. — Division  under  two  heads,  135. — Early  low-pressure 
boilers,  136. — Cast-iron  boilers,  136. — Early  vn-ought-iron  boilers,  137. — 
Plain  cylindrical  boilers,  140, — Internal  tube  boilers,  142. — Weakness  of 
large  tubes,  144. — Upright  boilers,  146. — Boilers  with  small  water-space, 
148.  —  Errors  in  construction  of  boilers,  150.  —  Corrosion,  152. — 
Accumulation  of  scurf,  158. — Shortness  of  water,  160. — Importance  of 
inspection,  164. 

Discussio7i. — Bramwell,  F.  J.,  167.  —  Fairbairn,  W.,  165.  —  Fletcher, 
L.  E.,  172.— Galloway,  C.  J.,  176.— Kennedy,  Col.,  167  —Marten,  E.  B., 
165,  170,  178.— Maudslay,  H.,  169.  — Olrick,  L.,  176.  — Richardson,  W., 
170.— Waller,  W.,  171.— Whitworth,  J.,  ISO. 

Boiler  Explosions,  Paper  on  the  conclusions  derived  from  the  experience  of 
recent  steam  boiler  explosions,  by  E.  B.  Marten,  1870,  179. — Three 
general  divisions  of  explosions,  179. — Faults  of  construction  in  various 
forms  of  boilers,  179. — Analyses  of  explosions  according  to  cause,  and  form 
of  boiler,  180. — Necessity  of  frequent  examination,  181. — Doubtful  if 
boilers  ever  explode  from  water  coming  in  contact  with  red-hot  plates, 
182. — Sufficient  accumulated  force  in  any  boiler  to  cause  explosion  if 
suddenly  liberated,  183.— Explosions  from  frequent  repair,  184. — Plain 
cylindrical  boilers  worked  for  very  long  time,  184. — Puddling-furnace 
boilers,  185. — Greatest  number  of  explosions  with  Cornish  boilers,  186. — 
Portable-crane  boilers,  186. — Boilers  of  bad  form  ;  altered  boilers,  187. — 
Effect  of  intense  heat  on  boiler  plates,  187. — Arrangement  of  flues, 
188. — Domestic  boilers,  189. — Faults  due  to  attendants,  190. — Many 
explosions  due  to  corrosion,  190. — Government  inspection  not  desirable, 
191. — Conclusions  derived  from  records  of  explosions,  193. — Tables  of 
boiler  explosions,  194  to  199. 

Discussion.— Adiavason,  D.,  206. -Bouch,  W.,  217. —  Bramwell,  F.  .J., 
203,  218.-Crampton,  T.  R.,  204.— Ferguson,  H.  T.,  210.— Fletcher,  L.  E., 
200.— Hawksley,  T.,  199,200,  203,  204,  216,  218.— Longridge,  R.  B.,  202, 
20.S,  204.— Marten,  E.  B.,  199.— Olrick,  L.,  211.— Paget,  F.  A,  210.— 
Richardson,  W.,  213,  216.— Smith,  W.  F.,  211,  216. 
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BoiLEB,  High-Pbessure,  Paper  on  high-pressure  boilers,  and  on  boiler 
explosions,  by  W.  Smith,  1848,  July,  11.— Ordinary  boilers  for  puddling 
furnaces  not  safe  for  high  pressure,  11. — Improved  form  of  boiler  with 
two  tubes  under  it,  12.  —  Many  boilers  very  liable  to  accident,  13. — 
Bad  foi-m  for  standing  increased  pressure  put  on  for  extra  work,  13. — 
Defective  steam  and  water  indicators,  13.— Neglect  in  cleaning  boilers 
causes  risk  of  explosion  and  constant  expense  in  repairs  and  extra 
fuel,  13. 

Discussion. — Buckle,  W.,  14.— Cowper,  E.  A..,  15, 16. — Fothergill,  B.,  15, 
16.— Gibbons,  B.,  14,  17.— McConnell,  J.  E.,  15.— Ramsbottom,  J.,  16.— 
Robinson,  H.,  16.— Smith,  H.,  14.— Smith,  W.,  14,  15,  16.— Stephenson, 
G.,  17. 
Boiler,  High -Pressure,  Paper  on  a  new  construction  of  high-pressure  steam 
boiler,  (Benson's,)  by  J.  F.  Spencer,  1859,  264. — Description  of  boiler  with 
mechanical  circulation,  265. — Circulating  pump,  266. — Arrangement  of 
tubes,  267.  — Safety  and  durability,  268. — Economy  of  fuel,  weight,  space, 
cost,  and  repair,  269. — Rapidity  of  raising  steam  from  cold  water,  270. 

Discussion.— ^auiovL,  M.,  274, 277, 278.— Cowper,  E.  A.,  273.— Inshaw,  J., 
270,271,  277.— Jones,  E.,  277.— Manning,  J,  271.  — Maudslay,  H.,  27J, 
278,— Spencer,  J.  F.,  272,  273,  277. 
Boiler,  High-Pressure,  Paper  on  Benson's  high-pressure  steam  boiler,  by 
J.  J.  Russell,  1861,  30. — Arrangement  of  tubes,  30. — Circulating  pump, 
31. — Removal  of  incrustration,  32. — Bends  for  connecting  tubes  together, 
33. — Special  advantages  of  boiler,  34. — Evaporative  duty,  37. — Starting 
and  stopping  the  engine,  37. — Reducing  valve,  38. 

Discussion. — Benson,  M.,  41,  42. — Everitt,  G.  A.,  39. — Fenton,  J.,  39, — 
Fothergill,  B.,  42.— Masselin,  A  ,  41.— Richardson,  W.,  39,  40.— Russell, 
J.  J.,  39,  40.— Siemens,  C.  W.,  40. 
Boiler,  High-Pressure,  Paper  on  a  boiler,  engine,  and  surface  condenser, 
for  very  high-pressure  steam  with  great  expansion,  b)'  A.  W.  Williamson 
and  L.  Perkins,  1861,  94. — Working  pressure  of  500  lbs.  per  square  inch, 
94. — Boiler,  95. — Flues  for  heating  cylinders,  96. — Evaporative  power, 
96. —  Strength  of  boiler,  96. — Engine,  97.  —  Indicator  diagrams,  98. — 
Condensation  in  cylinders,  99. — Suggestions  for  larger  engines  with 
several  cylinders,  100. — Surface  condenser,  102. 

Discussion. — Bouch,  W.,  104. —  Bramwell,  F.  J.,  107.  —  Cochrane,  J., 
106.— Cowper,  E.  A.,  103,  104,  105,  108.  — May,  W.,  105.  —  Murphy,  J., 
107.— Perkins,  L.,  104,  105,  107.  — Smith,  M.,  105.— Weild,  W.,  105.— 
Williamson,  A,  W,,  106. 
Boiler  Lining,  Paper  on  Whittle's  plan  for  preventing  deposit  and 
incrustation  in  steam  boilers,  by  G.  Addenbrooke,  1871,  48. — Great  loss 
of  heat  from  incrustation,  48. — Action  of  floury  precipitate,  50. — Cause  of 
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Boiler  Lini>'g  (continued). 

explosion,  50. — Principle  of  Whittle's  plan,  .51. — Blowing-ofE  not 
sufi&cient  to  clean  boiler,  53. — Much  mud  settles  in  the  lining,  which 
would  not  settle  at  all  in  ordinary  boiler,  53. — Old  incrustation  removed, 
Si. — Economy  of  fuel,  54. — Plates  protected  from  overheating  even 
when  water  much  below  proper  level,  55.  Application  to  internal- 
flue  boilers,  55. 

Discussion. — Addenbrooke,  G.,  56,  61. — Bramwell,  F.  J.,  57. — Cowper, 
E.  A.,  59,  60,  62.— Fenby,  J.  B.,  56.— Lloyd,  Sampson,  57.— Lloyd,  "W.,  61.— 
Marten,  E.  B.,  58.— Peny,  F.  C,  62.— Ramsbottom,  .J.,  61,  62.— Robinson, 
J.,  59,  60.— Whittle,  W.,  57,  60,  61,  62. 

Boiler,  Locomotive,  Paper  on  an  improved  locomotive  boiler,  by  J. 
Ramsbottom,  1849,  July,  3.  —  Blast  pipe  and  boiler  only  slightly 
enlarged  with  great  increase  in  size  of  locomotives,  i. — Increased  quantity 
of  air  to  be  forced  through  fire,  4. — Experiments  on  blast  required  to 
overcome  resistance  of  tubes,  5. — Boiler  proposed  to  be  filled  with  tubes, 
and  separate  steam  chamber  above,  6. — Copper  firebox  with  arched  roof 
avoiding  ordinary  heavy  stay-bars,  6. — Circulation  maintained  in  steam 
chamber  by  rising  current  at  firebox,  7. 

Discussion.— AUan,  A.,  9.— Beyer,  C.  F.,  8,  10,  11.— Cowper,  C,  8,  9.— 
Cowper,  E.  A.,  8,  10.— Gibbons,  B.,  9.— McConnel),  J.  E.,  8,  9,  10,  11.— 
Slate,  A.,  8,  10,  11. 

Boiler,  Locomotive,  Paper  on  an  improved  steam  boiler  for  locomotive  and 
other  engines,  by  A.  Allan.  1856.  233. — Description  of  locomotive  boiler, 
233.— Firebox,  233.— Perforated  fire  bridge,  234. 

2)t«CM«*iore.— Allan,  A„  235.— Fairbairn,  W.,  235.— Fothergill,  B.,  235.— 
Ramsbottom,  J.,  235.— Whitworth,  J.,  235. 

Boiler,  Locomotive,  Paper  on  an  improved  locomotive  boiler,  by  W.  M. 
Neilson,  1856,  236. — Description  of  boiler,  236.— Firebox  with  depressed 
crown,  236. — Coal-burning  arrangement,  237. 

2)i«CMS«iore.— Fenton,  J.,  238.— Rankine,  W.  J.  M..  238.- Tosh,  G.,  238. 

Boiler,  Mechanical  Fibi>"G.  Paper,  on  the  mechanical  firing  of  steam 
boilers,  by  J.  Daglish,  1869.  155. — Experiments  with  Juckes's  firegrate 
at  Rainton  Colliery,  155. — Experiments  with  hand-firing,  and  Stanley's. 
Vicars',  and  Juckes's  firegrates  at  Seaham  Colliery,  157. — Comparison  of 
Cornish  and  plain  cylindrical  boilers,  162. — Tables  of  results  of 
experiments,  164  to  171. 

Discussion.— Kxva^Xxon^,  Sir  W.  G..  175,  180. —  Bell,  I.  L.,  179  — 
Crampton,  T.  R.,  175.-Daglish,  J.,  173,  175.— Hawksley,  T..  172,  174. 

Boiler,  Multitubular,  greater  evaporative  dutj'  than  Cornish,  1873,  175. 

Boiler  Safety- Valve.    See  Safety-Valve. 
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Boiler  Tubes,  .Paper  on  the  composition  and  durability  of  locomotive  boiler 
tubes  in  reference  to  coal-burning,  by  G.  A.  Everitt,  1867,  46. — Three 
qualities  of  copper  ;  one  since  abandoned,  46. — Failure  of  new  marine 
boiler  tubes,  47. — Admiralty  method  of  testing  copper  for  brass  tubes, 
4g. — Different  alloys  for  tubes,  49.— Average  duration  of  tubes,  49. — 
Thickness  of  tubes,  50. — Iron  tubes  with  brass  ends,  51. — Tubes  should 
be  stored  in  dry  place,  52. 

Biscvssion. — Cowper,  E.  A.,  53,  57.  — Crosby,  S.,  54. — Everitt,  G.  A., 
52,  54,  56. — Fernie,  J.,  56. — ^Muntz,  A.,  56. — Penn,  J.,  5.5,  57. 

BoiSTEL,  G.,  elected  Member,  1872,  26. 

BOLITHO,  T.  S.,  Ore-dressing  Machinery,  decrease  in  production  of  tin  in 
Cornwall,  1873,  146. — Further  improvements  wanted  in  ore-dressing, 
146. — Separating  wolfram  by  soda-ash,  147. — Great  amount  of  tin  washed 
away  in  slimes,  147. — Waste  sand  left  for  several  years  oxidises  and 
allows  separation  of  tin,  148. — Brunton's  separator  very  ingenious  but 
not  successful,  149. — Brunton's  experiment  on  separating  metallic 
copper  and  tin,  149. 

Bolton,  F.  J.,  Major,  elected  Member,  1872, 119. 

Bo>'E  Manuee  Machine,  Paper  on  a  machine  for  preparing  bone  manure,  &c., 
by  W.  Buckle,  1848,  July,  6. — Bones  reduced  to  state  of  meal  prepared 
for  rapid  solubility,  6.— Rapidity  of  effects  of  phosphate  of  lime  depends 
on  solubility,  6. — Other  mills  merely  crush  bones  into  lumps,  remaining 
long  undecomposed,  6.  -  Successful  results  of  fine  bone-dust  obtained 
from  new  machine,  6. — Stampers  used  instead  of  ordinary  rollers,  7. — 
Arrangement  of  stampers  and  elevators,  7. — Comparative  results  of  bone- 
dust  and  stable  manure,  7. — Great  improvements  in  cultivation  of  the 
Bedford  Level  fen  district,  8. — Drains  deepened  and  straightened,  and 
banks  strengthened  by  puddled  gault  walls,  8. — Steam  engines  for  draining 
in  place  of  wind-mills,  9. — Claying  the  land  in  place  of  paring  and 
burning  the  peat  surface,  9. 

Discussion. — Buckle,  W.,  11. — Cowper,  E.  A.,  11. — Gibbons,  B.,  11. — 
Robinson,  H.,  11. 
BOBEL,  P.,  Dredgers  for  Suez  Canal,  Paper  on  the  steam  dredgers  employed  in 
the  excavation  of  the  Isthmus  of  Suez  Canal,  1867,  192. — Conveying 
machines  to  working  places,  208. — Jetties  at  Port  Said,  208. — Working  of 
dredgers,  209. — Cutting  at  El  Guisr,  210. — Artificial  lakes,  211. — Entrance 
to  Red  Sea  at  Suez,  213. — Sand  storms  offer  no  inconvenience  to  traffic, 
215. — Drifting  of  sand  at  Port  Said,  217. — Difference  of  level  of  two 
ends  of  canal,  217. 
Boeing  Locomotive  Cylinders,  Paper  on  boring  and  fitting  up  cylinders  for 
locomotive  engines,  by  C.  F.  Beyer,  1848,  Apl.,  3. 

i>i«6'?m/»re.— Fenton,  J.,  3.-Fothergill,  B.,  3.— McConnell,  J.  E.,  3.— 
Stephenson,  G.,  3. 
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Boring,  Paper  on  Kind's  improved  system  of  boring,  by  S.  H.  Blackwell,  1854, 
87. — Importance  of  boring,  88. — Description  of  Kind's  system,  89. — Free- 
falling  tool,  90. — Boring  cores.  90. — Table  of  particulars  of  bore-holes,  91. 
— Abstract  of  register  of  boring  at  Kreutsberg,  92. — Monthly  cost  of 
boring,  93. 

Disctission.  —  Blackwell,  S.  H.,  93,  94,  95.  —  Cowper,  E.  A.,  95. — 
Fairbairn,  W.,  93,  94,  96.— Lloyd,  Sampson,  94.— McConnell,  J.  E.,  94, 
95. — Siemens,  C.  W.,  95. 

Boring  Machine,  for  Eock,  Paper  on  a  rock-boring  machine,  by  G.  Low, 
1865,  179.— Boring  cylinder,  180.— Yalve  and  cam,  ISO.— Eotation  of 
tool,  181, — Advance  of  tool,  182. — Fixing  tool  in  piston-rod,  184. — Form 
of  cutters,  184. — Frame  and  carriage,  185. — Air-compressing  engine,  186. 
— Water-pistons,  187, — Boring  in  Roundwood  tunnel,  188. — Rate  of 
boring,  189. — Points  of  advantage  in  boring  machine,  190, 

2>Jsc«mio«.— Andrews,  J.,  195,  196,  197,  198.— Cochrane,  C,  199.— 
Downing,  Dr.,  191,  192,  193,  194.— Gray,  Sir  J.,  198.— Harman,  H.  W., 
193.— Leigh,  E.,  193. -Low,  G.,  191,  194.- Murphy,  J.,  1 94, 197,— Napier,  R., 
191,  192,  196,  200.— Neville,  P.,  200.— Newton,  W.  E.,  193,  197.— 
Waterhouse,  T.,  194. 

Boring  Wells,  Paper  on  the  machinery  for  boring  artesian  wells,  by  L.  Dru, 
1867, 174. — General  dimensions  of  artesian  wells,  174. — Boring  apparatus 
for  large  wells,  175. — Boring  tool,  175. — Free-falling  tools,  176,— Boring 
rods,  178.— Scoop,  179. — Delivery  of  water  from  artesian  wells,  181. — 
Kind's  stutfing-box  for  tubing  shafts  bored  through  watery  strata,  181. 

Z'isc?<ssi07i.— Bramwell,  F.  J,,  187, — Clay,  W.,  187.— Cochrane,  C,  184, 
189.— Dru,  L.,  182,  183,  184,  186,  188,  189,  190.— Fau-baim,  W.,  189.— 
Lancaster,  J.,  183,  184.— Mallet,  R.,  189,  190.— Mather,  W.,  185,  187,— 
Penn,  J,,  190. 

Boring  Wells,  Paper  on  well-boring  and  pumping  machinery,  by  W.  Mather, 
1869,  278. — Chinese  system  of  boring,  278.  — Free-falling  tool,  279. — Rope 
boring,  description  of  machinery,  282. — Boring-head,  284. — Shell  pump, 
285. — Mode  of  working,  286. — Particulars  of  bore-holes,  288. — Table  of 
bore-holes,  with  particulars,  291.— Grapnels  &c.  for  accidents,  293. — 
Tubes  and  tube-forcing  apparatus,  296. — Pumping  machinery,  300. — 
Improved  bell-crank  pumps,  302. 

-DiscjmJow.  —  Beckett,  H.,  306,  310.  — Co^vper,  E.  A.,  307.  — Lloyd, 
Sampson,  310.— Longridge,  W.  S,,  309,— Mather,  W.,  304,  305,  308,  309, 
310,-Ramsbottom,  J.,  308,  309,  310,  311.— Whittem,  T.  S.,  310. 

BORRIE,  J.,  elected  Member,  1869,  276. 

Bough,  T.,  elected  Member,  1862,  47. 

BOUCH,  W.,  elected  Member,  1858,  79. 

Boiler  Explosions,  safety  of  locomotive  boilers,  1870,  217. 
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BoucHERlE's  Process  for  Preserving  Timber.     See  Timber,  1856,  196. 
Bourdon,  E.,  Pressure  Gauge,  1852,  91. 

Barometer,  &c.     See  Pressure  Gauge,  1852,  141. 
Bourne,   J..    Railway  Switch,    very  successful    working  of    Thompson  and 

Nicholson's  switch,  1858,  173. 
Bouspield,  E.  T.,  Howard  Boilers,  Sec,  horizontal  tubes  better  than  vertical, 
1872,  283. — Tubes  readily  removed,  283. — Great  facilities  for  cleaning, 
28i. 
BoviLL,  G.  H.,  Original  Member,  1847. — Decease,  1869,  2.— Memoir,  16. 
Screw  Propeller,  Paper  on  a  new  improved  screw  propeller,  1862,  163. 
Surface  Condenser,  horizontal  tubes  best,  1862, 117. — Brazed  tubes  frequently 
leaky.  118. 
Bower,  A.,  elected  Member,  1870,  228. 
BowEE,  J.  W.,  elected  Member,  1858,  79. 
BOVTLEE,  S.,  elected  Member,  1848. 
Bowman,  R.,  elected  Member,  1850,  Apl.,  30. 

BoxER  Cartridge  Manufacture.     See  Cartridge  Machinery,  1868,  105. 
BOTD,  N.,  elected  Member,  1862.  93. 
Boyd,  W.,  elected  Member,  1869,  77. 
Bradbury,  C.  J.,  elected  Member,  1873,  87, 
Bragge,  W.,  elected  Member,  1854,  49. 

Bramwell,   F.   J.,  elected  Member,   1854,   110.— Council,  1864,  18.— 1867, 
17.-Vice.President,  1868,  19.-1869,  19.-1870,  18.-1871,  20.-1872, 
25.-1873,  24. 
Blast  Furnaces,  preferable  not  to  close  furnace  mouth  completely,  1864, 
177, — Importance   of    breaking   the   materials  to  uniform  size,    178. — 
Success  of  regenerative  hot-blast  stoves,  179. — Mechanical  tests  for  iron 
preferable  to  chemical,  184. — Illustration  of  action  of  increased  capacity 
of  furnace,  1869,  68. 
Boilers,  evaporative  duty  over-estimated  from  effects  of  priming,  1861, 107. — 
Lancashire  boiler  very  safe  and  successful,  1866,  168. — Sand  makes  good 
covering,  169. — Howard's  "  quicksilver  "  engine,  effects  of  explosion  very 
small,  1870,  218.  — Perkins  circulators,  1871,  57.— Whittle  lining  very 
good,  58. 
Coal-Cutting  Machine,  full  pressure  throughout  stroke  without  expansion, 

1872,  220. — Lap  causes  air  to  be  let  in  late,  221. 
Colliery  Working,  Midland,  steam  in  excess  of  boiler  pressure  when  engine 

reversed,  1870,  162. — Excess  pressure  due  to  momentum  of  steam.  165. 
Condenser,  Ejector,  experiments  on  working  of  condenser,  1872,  268. 
Corn  Mill,  Buchholz,  huller  very  successful ;  glass  blades  for  huller,  1872, 
236. — Superiority  of  fine  white  flour,  236. 
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Corn  Warehousing  Machinery,  revolving  screw  in  -wire  casing  for  cleaning 
grain,  1869,  225. — Pneumatic  system  of  lifting  grain,  225. 

Counter- pressure  Steam  Break,  particulars  of  trials  on  South  Western 
Railway,  1870,  41. — Successful  for  regular  working  of  trains.  43. — Rise 
of  pressure  above  that  of  boiler,  44. 

Disintegrator,  experiments  on  disintegrating  flour  mill,  1872,  40.  —  Great 
saving  over  power  required  for  millstones,  41. — Increase  of  power 
spent  in  churning  air  with  increased  velocity,  47. — Flour  much  cooler 
than  when  ground  by  millstones,  51. — Pesth  system  of  grinding  and 
dressing  grain,  51. — Grain  steamed  and  slightly  crushed  before 
disintegrating.  52. 

Docks,  Floating.  Paper  on  floating  docks  and  other  arrangements  for 
affording  access  to  ships  for  external  repairs.  1867.  80. — Masonry  dock 
used  to  contain  the  American  sectional  floating  dock,  109. — More  work, 
in  expelling  water  from  pontoons  by  forcing  in  air  than  by  pumping, 
110. — Difficulty  in  working  the  box  floating  dock.  111. 

Engines,  Portable,  for  Mining,  diagrams  from  portable  engines  show  less 
expansion  than  Cornish  engines,  1873,  194. — Particulars  of  trials  of 
portable  engines  in  1872  at  Cardiff.  195. — One  kind  of  boiler  as  good  in 
evaporative  duty  as  the  other,  if  properly  proportioned,  196. — Important 
to  ascertain  by  analysis  the  ultimate  evaporative  power  of  the  fuel,  196. 
— Loss  of  power  by  engine-friction.  198. 

Governor.  Chronometric,  perfectly  satisfactory  for  rolling  mills.  1866,  35. — 
Only  very  slight  variation  in  speed  permitted  by  governor,  36. 

Gtinstock  Machinery,  cost  of  fitting  gun  together,  1862,  339. 

Hot-Blast  Stoves,  simple  expedient  for  keeping  temperature  of  blast  constant, 
1870,  100. — Increased  size  of  blast  fm-nace  will  not  cool  gases  beyond 
certain  limit.  100. 

Hydraulic  Machinery,  low-pressure  hydraulic  hoist,  1868,  39. — Pneumatic 
or  exhaustion  system  of  transmitting  power,  39. 

Injector,  explanation  of  action,  1860,  49. 

Iron  Works,  exhausting  fans  to  aid  in  drawing  off  the  gas  from  blast 
furnaces,  1863.  234. — Boilers  heated  by  waste  gas  more  durable  than 
when  fired  with  coal.  240. 

Knitting  Machine,  breakage  of  sinkers  due  to  sudden  change  of  form.  1870, 
142.— Early  knitting  machines,  142. 

Magnetic  Water  Gauge,  Du  Trembley's  magnetic  gauge,  1860.  S7. 

Marine  Engines,  Paper  on  the  progress  effected  in  economy  of  fuel  in  ste.-'.ra 
navigation  considered  in  relation  to  compound-cylinder  engines  and 
high-pressure  steam,  1872,  125. — Diminution  in  consumption  of  coal, 
163. —  Examples    of    Parliamentary    enquiries    leading    to    erroneous 
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expressions  of  opinion,   181. — Advantages   of  results   from   trial   trips, 
182. — Desirability  of   continuous   indicator,  182. — Compound   cylinders 
probably  most  advantageous  in  expansion,  182. — Diminution  of  priming 
at  high  pressures,  183. — Friction  of  expansion   slides,  183. — Shock  oa 
crank  from  high  steam  pressure,  184. 
Mining  Machinery,  method  of  raising  water  by  exhausted  air,  1859.  36, 
Ore-Dressing  Machinery,  use  of  current  of  air  in  preparing  beaver  fur,  1873, 
150. — Difficulty  in  separating  substances  of  dissimilar  sizes  and  gravities, 
151, 
Packing    for    Pistons,    Eamsbottom"s    rings    very   satisfactory   for    steam 

hammers,  1862,  326. 
Plate  Glass  Manufacture,  success  of  Siemens  furnaces.  1863,  217.— Plates 
handled  several  times  in   polishing,  &c. ;   liability  to   fracture,   217. — 
Kevolving  grinding  table  a  great   improvement,   218. — Undulations  of 
surface  produced  in  annealing,  218. — Grinding  the  emery,  221, 
Polished  Sheet  Glass,  emery-sorting  apparatus  works  very  well,  1863,  279. — 

Similar  principle  of  sorting  applied  to  other  substances,  279.  * 
Pump,  Horizontal  V,  no  advantage  over  ordinary  pump,  1864,  39. 
Pumping  Engine,  Cornish  engine  more  liable  than  rotary  to  damage  from 
shock  when  pump  only  partly  filled  with  water,  1863,  263. — Comparison 
of  duty  and  coal  consumption  per  H.P.,  1867.  243.  — High  duty  of  Crossness 
engines,  243. — Duty  of  portable  engines,  244. — Pressure  required  to  open 
flap  valves,  245. 
Safety  Valve,  reduction  of  pressure  in  neighbourhood  of  valve,  1865,  229. 
Scraper  for  Torquay  "Water  Works,  position  of  scraper  easily  ascertained  by 
sound,   1873,   231. — Great  amount  of    stuff    scraped   off,   231.—  Great 
increase  in  delivery  of  water  just  after  scraping,  due  to  smoothing  of  pipe 
surface,  231. 
Shaping  Machine,  effect  of  defective  balancing  in  wheels,  1866,  285. 
Slide-Valve,  Balanced,  engine  with  balanced  valves  easily  reversed  under 
steam,  1871,  43. — Great   saving  in   amount  of  power  required  to  work 
valves,  44. — Application  of  double-port  valves  to  locomotives,  45. 
Steam  Cultivation,  ingenious  adjustment  of  clip  drum,  1865,  92. — No  real 

objection  to  traction  engines  on  roads,  92. 
Steam  Hammer,  top  steam  very  desirable,  1860,  288, — Rigid  attachment  of 

hammer  to  piston-rod  best,  288. 
Superheated    Steam,    superheating    effects  further  saving  than  is   due    to 
interception  of  waste  heat,  1860,   30. —  Saving  of  feed  and   injection 
water  from  absence  of  priming,  34. 
Surface  Condenser,  experiments  on  surface  condensation,  1862,  113, 
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Towing  Canal  Boats,  various  plans  of  towing  with  a  fixed  hold  for  applying 
power  to.  1869,  265. — Whole  of  power  utilised  in  wire-rope  towing.  266. 
Vacuum   Gauge,   Paper  on   an  improved   vacuum  gauge  for  condensing 

engines,  1851.  Jan..  27. 
Ventilating  Fan,  experiment  showing  that  gauge-orifice  should  directly  face 

stream  of  air,  1871,  34. 
Ventilation,    Mechanical,    importance   of    washing    air    to   cleanse   it   for 

ventilation  of  buildings,  1863,  202. 
Wrought-Iron  Lighthouse,  similar  construction  adopted  in  Crumlin  Viaduct, 
stood  firm  for  several  years.  1861.  28. 

Bra^'SON,  G.,  elected  Honorary  Member.  1848. 

Bkaxsox,  J.  W.,  elected  Honorai-y  Member,  1864,  60. 

Bbay,  E„  elected  Member,  1856.  79. 

Break  Blocks,  Cast-iron,  1871,  207,  210. 

Break  Drums,  Paper  on  the  break  drums  and  the  mode  of  working  at  the 
Ingleby  incline  on  the  Eosedale  branch  of  the  North  Eastern  Eailway, 
by  J.  A.  Haswell,  1871,  200. — Description  of  incline,  200. — Description 
of  break  drums,  201.  —  Break  straps,  202.  —  Steel  wire  ropes,  202. — 
Arrangement  at  top  of  incline,  203. — Particulars  of  working,  203. 

Discussion. — Appleby,  C.  J..  209. — Cochrane,  C.  211. — Cochrane,  W., 
207.— Cowper,  E.  A.,  209.  — Fletcher,  H.  A..  206.— Fletcher.  J.,  210.— 
Gilkes,  E..  210.— Hackney,  W..  210.— Haswell,  J.  A.,  204.  205.  206,  207, 
209,  211.— King,  W.,  206.— Leigh,  E.,  206.— Ramsbottom,  J.,  205,  211.— 
Siemens,  C.  W.,  208.— Taylor,  J.,  207, 

Bb£AK,  PvAILWAY,  Paper  on  an  improved  break  for  railway  carriages,  by  W. 
Handley,  1852.  19. — Ordinary  break,  19. — Lee's  break,  20. — Adams' 
sledge  break,  20. — Handley's  improved  break,  21. — Advantages.  22. 

Discussion.— Xd^mi,  W.  A,,  23,  24,  25,  26.— Clift,  J,  E.,  24.— Cowper, 
E.  A.,  25,  26.— Goodfellow,  B.,  25,  26,— Henson,  H,  H,,  23.— Marshall, 
W,  P.,  23,  24,  25,  26.— McConnell,  J,  E.,  23,  27.— Peacock,  K,,  24,  26,  27, 

Break,  Railway,  Paper  on  the  retardation  and  stoppage  of  raUway  trains, 
by  W.  Fairbairn.  1853,  156.— Heath's  break,  156.— Trials  of  do..  157.— 
Description  of  Newall's  break,  158. — Coupling  between  carriages,  159. — 
Objects  gained,  160.  —  Table  of  trials,  161,  —  Newton's  break,  162.— 
Molson's  break,  163. 

Discussion. —  Dyer,  W.,  165. —  Fairbairn,  ^.,  163,  164. — Newall,  J., 
164.— Newton,  S.,  165.— Perring,  J.  S..  164. 

Break.  Steam.  Paper  on  increased  break  power  for  stopping  railway  trains, 
by  A.  Allan.  1859,  230.  —  Arrangement  for  throttling  exhaust  steam, 
230. — Steam  break,  231.  —  Use  of  throttle-valve  in  controlling  train, 
232. — Back   pressure  vrhen  throttle-valve  closed  enables  engine  to  be 
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reversed,  232.— Trials  of   steam  brealv,  &c.,  233.— Tables  of  results  of 
trials,  234,  235. 

Dlscvssion.—AUa,Ti,  A.,  235,  236. -Morrison,  R..  236.— Peon,  J.,  237. 

Beeak,  Steam,  Counter- Pressure,  Paper  on  Le  Chatelier's  plan  of  using 
counter-pressure  steam  as  a  break  in  locomotive  engines,  by  C.  W. 
Siemens,  1870,  21.  —  Reversal  of  valve-gear  on  emergencies,  21,  — 
Description  of  diagrams  of  ordinary  and  counter-pressure  working,  22, 
— Apparatus  for  injecting  water  into  exhaust  passages  of  cylinders,  25. 
— First  trials  with  mixed  injection  of  steam  and  water,  26. — Subsequent 
adoption  of  water  injection  alone,  27.  —  Screw  reversing  gear  most 
convenient,  28. — Calculation  of  heat  required  to  vaporise  water  jet,  29. — 
Heating  effect  of  compression  in  cylinders  when  running  reversed,  30. — 
Extensive  application  to  French  locomotives,  31. — Working  of  inclines, 
33. — Steep  inclines  in  France,  34. — Advantages  of  counter-pressure 
working  instead  of  breaks.  35. 

Ihscussion. — Beattie,  W.  Gr.,  46.— Bramwell,  F.  J.,  40,  56. — Brown,  E., 
58.— Cowper,  E.  A.,  49,  56.— Holt,  F.,  54.--Kirtley,  W.,  47.— Moorsom, 
W.  M.,  50,  57.— Bamsbottom,  J.,  38.  51,  58.— Robinson,  J.,  54.— Siemens, 
C.  W.,  37,  39,  55,  57.— Vaughan,  C,  50. 

Breaking  Machine  for  Stone.  See  Stone-breaking  machine,  1864,  20. — 
Stone-crushing  machinery,  1860,  234. 

Beeech-Loading  Rifles.    See  Rifles,  1871,  92. 

Beeeden.  J.,  elected  Member,  1868,  20. 

Brick-Making  Machine,  Paper  on  the  American  dry-clay  brick-making 
machine,  by  E.  Jones,  1853,  148. — Description  of  machine,  148. — Rate 
of  working,  149. — Cost  compared  with  hand  brick-making,  149. 

Discussion.— Dyer,  W.,  150.— Fairbairn,  W,,  150,  151.— Jones,  E.,  150, 
151.— Smith,  H.,  150. 

Brick-Making  Machine,  Paper  on  a  dry-clay  brick-making  machine,  by 
B.  Fothergill,  1859,  42. — Arrangement  of  works,  42. — Pulveriser,  42. — 
Brick  press,  43. — Action  of  cams  and  pistons,  41. — Rate  and  cost  of 
production,  45. 

Bismtssion.— Adams,  W.  A..  46, 47,  50.— Cowper,  E.  A.,  50.— Fothergill, 
B.,  46,  47,  48,  49,  51.— Marshall,  W.  P.,  48.— May,  C,  47,  48,  50.— Muntz, 
G.  F.,  48.— Penn,  J.,  49,  51.— Richardson,  W.,  49,  50,  51.— Siemens,  C.  W., 
51. -Smith,  W.,  46.— Whitworth,  Sir  J.,  49,  51. 

Brick-Making  Machine,  Paper  on  Gates'  brick-makiug  machine,  by  J.  E. 
Ciift,  1859,  249. — Principles  of  action  of  various  brick-making  machines, 
249. — Description  of  Gates"  machine,  250. — Motion  of  mould  block,  251. 
— Escape  pipe  for  preventing  over-pressure  in  chamber,  252. — Planing 
faces  of  brick,  253.— Rate  of  working,  253. — Burning  the  bricks,  254.— 
Comparative  strength  of  machine  and  hand-made  bricks,  264. 
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JJiscUi'sion.—Clift,  J.  E.,  255,  257,  260.  261.— Cowper,  E.  A.,  256,  258, 
263.— Goold,  Capt,  253,  259,  260.— Havrkes,  W.,  260,  261.— Lloyd, 
Sampson,  257. — Longridge,  H,  G..  255,  259.— Manning,  J.,  256,  259. — 
Maudslay,  H..  262,  263.— ilay,  C,  257,  260,  261.— May,  W.,  259.— Gates, 
J.  P.,  256.  261,  262.  263. 

Bridge,  Hydeaulic  Swing,  Paper  on  the  hydraulic  swing  bridge  for  the 
North  Eastern  Railway  over  the  River  Ouse  near  Croole,  by  Sir  W.  G. 
Armstrong,  1869.  121. — Thi-ee  classes  of  hydraulic  movable  bridges, 
121. — Particulars  of  various  bridges,  122. — Description  of  Ouse  bridge, 
123. — Turning  machinery.  124.— Securing  ends  of  swinging  portion  in 
position  for  trains  to  pass,  125, 

Z>(St'tfviS(V».— Armstrong,  Sir  W.  G.,  129,  131.  132.— Bell,  I,  L.,  131.— 
Chapman,  H.,  129.— Cowper,  E.  A.,  130.— Gooch,  T,  L,,  130.— Hodgson,  E., 
127,— Olrick,  L,,  129,— Ramsbottom,  J,,  128.— Westmacott,  P,  G.  B.,  130. 

Bridge,  Indian  Railway,  Paper  on  the  construction  and  erection  of  iron 
piers  and  superstructures  for  railway  bridges  in  alluvial  districts,  by  Lt.- 
Col,  J.  P,  Kennedy,  1861,  171. — Extent  of  British  exports  to  India, 
171, — General  nature  of  Indian  railwaj's,  172, — Construction  of  bridge 
piers  in  tidal  rivers,  171. — Bridge  spans  and  girders,  175. — Bridge  piers 
for  deep  inland  rivers,  175. — Strength  of  girder  bridges,  177. — Rapidity 
of  erection,  178. — Importance  of  uniformity  throughout  construction  of 
bridges,  179. — Cost  of  construction  of  railways,  180,—  Secondary  railways 
or  tramways,  181. 

l>isfi«si>».— Armstrong,  Sir  W.  G.,  184.  188,  189,  192.— Bellhouse 
E.  T.,  186,— Bessemer,  H.,  185,— Cochrane,  A.  B.,  188.— Barman,  H.  AY., 
190, 191.— Kennedy,  Lt.-Col.  J.  P„  182, 183, 184, 185, 187, 188, 189, 190,  191, 
192,— Markham,  C„  18.3,  184,— Maud.slay,  H,,  192.— Spencer,  J.  F.,  189. 

Bridge  Piees,  Indian,  Paper  on  the  apparatus  used  for  sinking  piers  for  iron 
railway  bridges  in  India,  by  J.  F.  Strong,  1863, 16. — General  description  of 
Jumna  Bridge,  16. — Sinking  pier  foundations  in  deep  water,  17. — Scoop 
for  excavating  sand,  18. — Rate  of  sinking  cylinders,  20. — Building  the 
piers,  21. — Construction  of  bridge,  22. — Rise  of  river  in  iioods.  23. 

Discussion.— Bejer,  C.  F.,  23,  25,  28,  30,  33.— Bramwell,  F.  J.,  27,  28, 
31.— Cowper,  E.  A.,  29,  31.— Fernie,  J.,  27.— Gilkes,  E.,  27,  28,  32,  33.— 
Harman,  H.  W.,  24,  26,  28.— Strong,  J.  F.,  23,  25,  26,  27,  28,  30,  31,  32,33. 
—Woods,  H.,  25,  31. 

Bridge,  Suspension,  Paper  on  an  improved  suspension  bridge,  "  Inverted 
Arch,"  by  E.  A.  Cowper,  1847,  Oct.,  1.  —  Ordinary  suspension  bridge 
least  costly,  but  not  competent  for  carrying  a  railway,  1.  —  Chain 
assumes  different  curves  with  moving  load,  2.  —  Boiler-plate  chain 
proposed,  deep  enough  to  include  extreme  curves  of  strain,  3. — Proposed 
construction  of  suspension  bridge,  4, — Inverted-arch  bridge,  5. 
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Bridge,  Wire- Rope,  Paper  on  a  wire-rope  bridge  at  the  Landore  Steel  Works 
for  conveying  materials  across  a  navigable  stream,  by  W.  Hackney,  1870, 
2i9.— Requirements  to  be  met.  249. — Construction  of  bridge,  249. — Mode 
of  working,  250. — Lowering  of  bridge  for  passage  of  vessels,  250. — 
Anchorages  and  couplings,  251. — Raising  of  bridge,  251. — Mode  of  fixing 
ends  of  wire,  252. — Mode  of  hooking-on  trucks,  252. — Working  load  :  rate 
of  working,  253. — Suggestions  for  modifying  bridge  to  meet  other 
circumstances,  254. 

Discussion.— ¥.2iS.on,  R.,  256.— Fowler,  G.,  256.— Hackney,  W.,  255,  256. 
Lloyd,  Sampson,  257. — Siemens,  C.  W.,  255,  257. 
Ekierlt.  H.,  elected  Member,  1861.  14. 
Broad,  E..  elected  Member,  1848. 
Brock,  W.,  elected  Member,  1865,  53. 
Brockbask.  W..  elected  Honorary  Member^  1863   114. 
Brogdex,  a.,  elected  Member,  1852, 
Beogdex,  H.,  elected  Member.  1852.  9. 
Browx,  a.  B.,  elected  Member.  1866,  55. 

BnowN.  B.  L.,  Regenerative  Gas  Furnace,  successful  for  tube  welding,  1862,  42. 
Brown,  C.  J.,  elected  Member.  1866.  17. 
Brown,  G..  elected  Member,  1865,  101. 
Brown,  H.,  elected  Member,  1863, 15, 
Brown,  James,  Original  Member,  1847. 
Brown.  John  (Sheffield),  elected  Member,  1850,  Julj-,  43. 

Steel  Rails  and  Armour  Plates,  Paper  on  the  manufacture  of  steel  rails  and 
annour  plates,  1861,  121. — Durability  of  steel  rails,  126. — Cost  of  steel 
rails,  127. — Experiments  on  strength  of  steel  rails,  127. — Rate  of  making 
armour  plates,  128. — Experiments  on  armour  plates,  129. — Soft  tough 
plates  necessary  to  resist  heavy  shot,  130. 
Brown,  John  (Barnsley),  elected  Member,  1855,  97. 

Tubbing,  Cast-Iron,  Paper  on  cast-iron  tubbing  used  in  sinking  shafts,  1861, 
193. — Tubbing  not  usually  required  at  great  depths,  202, — Lined  with 
brickwork  in  upcast  shafts,  202, 
Brown,  John  (Darlington),  elected  Member,  1856,  6. 
Brown,  R.,  elected  Member,  1853,  75, 

Counter-Pressure    Steam   Break,   former    plan   of    throttling    exhaust  for 

descending  inclines  without  reversing,  1870,  58. 
Hot-Blast  Ovens,  mixture  of  various  hot-blast  irons  gives  better  testing 
results  than  cold-blast  iron,  1859,  107. 
Brown,  W.  S.,  elected  Member,  1863.  57.— Decease.  1865,  2. —Memoir,  13, 
Browne,  B.  C,  elected  Member,  1869,  276. 
Browne,  W.  R.,  elected  Member,  1869,  119. 

Riveted  Joints,  Paper  on  the  strength  and  proportions  of  riveted  joints, 
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with  the  results  of  some  recent  experiments,  1872.  53. — Strength  of 
iron  used  must  be  ascertained  before  applying  formulae  for  proportioning 
rivets,  92. — Steel-plates  cut  iron  rivets  more  rapidly  than  iron  plates, 
93.— Chain-riveting  preferable  to  zigzag  riveting,  93.  —  Good  drilled 
holes  easier  to  make  than  good  punched  holes,  94. — Plates  can  be  made 
as  strong  across  grain  as  with  grain,  94.  —  Diagonal-jointed  boiler 
advantageous,  94. 

Bruce,  W.  D..  elected  Member.  1867.  18. 

Brunel,  H.  M.,  elected  Member.  1873,  250. 

Brunlees,  J.,  elected  Member.  1870,  61. 

Brunner,  H.,  elected  Member,  1872,  119, 

Brussels  Carpet  Loom,     See  Carpet  Weaving,  1868,  195, 

Bryant,  F.  W.,  elected  Member,  1865,  101. 

Bryham,  W.,  elected  Member,  1866,  17. 

BucHHOLZ  Corn  Mill.     See  Corn  Mill,  Buchholz,  1872,  225. 

Buckle,  W.,  Original  Member,  1847.— Council,  1847.— 1848.— 1849,  Jan.,  9. 
—1850,  Jan.,  5.-1854,  5. 
Bone  Manure  Machine,  Paper  on  a  machine  for  preparing  bone  manure,  &c., 
1848,  July,  6. — Weight  and  speed  of  stampers,  11. — Bones  broken  by  light 
smart  blow,  not  crushed  by  heavy  weight,  11. — Great  saving  of  power  by 
not  using  crushing  rollers,  11. 
Fan  Blast,  Paper  on  a  series  of  experiments  relative  to  the  fan  blast,  1847, 

May,  3. — Supplementary  Paper  on  the  fan  blast,  1847.  Oct.,  4. 
High-Pressure  Boilers,  great  loss  from  upper  part  of  boilers  beiug  exposed 

to  weather,  1848,  July,  14. 
Murdoek,  W.,  Paper  on  the  inventions  and  the  life  of  William  Murdock, 

1850,  Oct.,  16. 
Safety  Buffer,  Paper  on  Chesshire's  safety  buffer,  1848,  Apl.,  15. — Shock 

conducted  to  luggage  van  at  end,  16. 
Starting  Apparatus,    clutch    engaged    and    disengaged    without    noise    or 
concussion,  1849,  Jan.,  20. — Objections  to  cap  and  screw  clutch,  and 
to  cmb  and  cone  clutch,  20. 

Buckley,  E.  B.,  elected  Member,  1873,  250. 

BUCKTON,  G.,  elected  Member,  1868,  108. 

Buckton,  J.,  elected  Member,  1859,  53. 

Buda  Lighthouse.     See  Wrought-Iron  Lighthouse,  1861,  15. 

Budden,  W.  H,,  elected  Honorary  Member,  1858,  80. 

Budenberg,  a.,  elected  Member,  1872,  119. 

Buffer,  Paper  on  a  central  buffing  and  drawing  apparatus  for  railway  carriages, 
by  E.  D.  Chattaway,  1856,  173. — Description  of  coupling,  173. — Defects 
of  ordinary  couplings,  173. — Advantages  of  new  coupling.  175. 


40  B. 

Buffer  (continued). 

Discussion.— ChattavrsLj,  E.  D..  176.  177.— Dunn,  T,,  176.— Fenton,  J., 
176.  177.— Harvey,  E.,  178.— Morrison.  R.,  177.— Rankine,  W.  J.  M.,  177.— 
Robertson,  H.,  177.— Tosh,  G.,  177. 

BuFFEE,  Safety,  Paper  on  Chesshire's  safety  buffer,  by  W.  Buckle.  1848. 
Ap].,  1.5. — Object  to  lessen  injurious  effects  of  collisions  on  railways,  15. 
— Safety  central  buffers  added  to  each  carriage  acting  only  in  collision, 
16. — Force  of  collision  transmitted  to  van  at  extremity  of  train  by  strong 
centre  rod,  16. 

Discussion.— Buckle,  W.,  16.  18.— Chesshire,  E,.  17.  18,  19,  20.— 
Cowper,  E.  A.,  19.— Crampton.  T.  E.,  20.— Fenton.  J..  17.— Fothergill,  B., 
20.— McConnell,  J.  E.,  17,  18,  19,  20.— Peacock,  R..  19.— Ramsbottora,  J., 
20.— Stephenson.  G.,  16.  17,  18.  19,  20.— Wright.  J..  17.  18. 

Buffer,  Station,  Papei'  on  a  station  and  collision  break  apparatus,  by  C.  De 
Bergue,  1848,  July.  17. — Uniform  resistance  to  arrest  impetus  of  train 
■would  cause  severe  concussion,  17. — Gradually  increasing  resistance  is 
required,  commencing  at  a  small  amount,  18. — Description  of  bufang 
apparatus,  18. — Recoil  prevented  by  rack  and  pinion,  with  fi-iction  drum 
on  prnion  shaft.  IS. — Pressure  of  fnction  belt  increases  through  range  of 
stroke,  19. 

Biscussioji. — De  Bergue,  C,  19. 

Buffer.  Station.  Paper  on  a  station  buffer,  by  C.  De  Bergue,  1849.  Jan.,  10. — 
Construction  of  buffer,  10. — Resistance  to  buffer  given  by  friction  clip 
on  pulley,  11. — Pressure  of  spring  on  fi-iction  clip  keeps  increasing 
through  stroke  of  buffer,  11. — Regulation  of  pressure,  11. — Advantage  in 
small  space  occupied,  and  absence  of  recoil,  11. 

Discussion.— AA9.msi,  W,  A.,  12.— De  Bergue.  C,  11,  12,  13,  14.— 
Fothergill,  B.,  12.— Hodge,  P.  R.,  14.— McConnell,  J.  E.,  11,  12,  13.— 
Peacock,  R.,  13. 

Bullock,  T.,  Jun.,  elected  Member.  1872.  254. 

BuNNiNG,  T.  W.,  elected  Member,  1856,  79. 

Pile  Driver,  rate  of  driving  piles  with  improved  steam  pile-driver,  1856, 
291. — Weight  of  machine,  and  of  hammer.  291. 

Burgh,  N.  P.,  elected  Member,  1870.  228. 

BURLINSON,  W.  D.,  elected  Member,  1858.  79.— Decease,  1S62.  3.— Memoir,  14, 

Burn,  D..  elected  Member,  1848,  July,  19. 

Ventilation  of  Colliery,  Paper  on  the  system  of  ventilation  in  the  Wall.send 
Colliery.  1849,  July,  31. 

Burn,  H.,  elected  Member,  1858,  12. 

Burrows,  J.,  elected  Member,  1871,  2(?2. 

Bury,  W.,  elected  Member,  1870,  125. 

BUEY,  W.  T.,  elected  Member,  1873,  87. 
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Btttteepill,  H.  H.,  elected  Member,  1873,  87. 
BuTLEE,  A.,  elected  Member,  1863,  113. 
Butler,  A.  E.,  elected  Member,  1856,  79. 
BUTLEB,  G.,  elected  Member,  1859,  97. 
Butler,  J.,  elected  Graduate,  1866,  10+. 
Butler,  J.  C,  elected  Member,  1848,  Apl.,  23. 
Butler,  J.  0.,  elected  Member,  1859.  5.3. 
Butler,  T.  S.,  elected  Graduate,  1866,  104. 
BUTLEK,  W.,  elected  Honorary  Member,  1863,  lU. 
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Cables,  Subma.bine  Telegraph.    See  Telegraph  Cables,  1862,  211, 

Carry,  C,  elected  Member,  1871,  262. 

Cabby,  J.,  elected  Member,  1857.  55. 

Cabby,  T.,  elected  Member,  1847.— Council,  1849,  Jan.,  9, 

Caird,  J.,  elected  Member,  1847. 

Cambrian  Engine.    See  Locomotive,  1848,  Oct.,  13. 

Cammell,  C,  elected  Member,  1847, 

Campbell,  Daniel,  elected  Member,  1867,  18. 

Campbell,  David,  elected  Member,  1864,  19. 

Campbell,  James  (Staveley),  elected  Member,  1864,  121. 

Campbell.  James  (Leeds),  elected  Member,  1869,  119. 

Canal  Lift,  Paper  on  a  new  equilibrium  canal  lift,  for  transferring  boats  from 
one  level  to  another,  without  loss  of  water  or  of  power,  by  A.  Slate, 
1851,  Oct.,  17. — Description  of  proposed  lift,  18. — Mode  of  action,  19. — 
Objections  to  locks,  21. 

Discussion.— ^sh&OM,  23.— Slate,  A.,  22,  23. 

Cannell,  F.  J.,  elected  Member,  1860,  89.— Decease,  1872,  2.— Memoir,  16. 
Safety  Valve,  success  of  Naylor's  valve  for  boilers  heated  by  furnaces,  1865,  231. 

Carbutt,  E.  n.,  elected  Member,  1860,  250. 

Compressed-Air  Hammer,  not  suitable  for  steel   tilting,  1865,  98. — High- 
speed steam-hammers,  98. 
Friction  Coupling,  testing  durability  of  discs  under  wear,  1868,  236. 

Carlton,  S.,  elected  Member,  1865,  101. 

Carpet-Weaving,  Paper  on  the  machinery  for  weaving  Brussels  carpet  by 
power,  by  W.  Weild,  1868,  195.— Nature  of  carpet  fabric,  195.— Tapestry, 
Brussels,  and  velvet-pile  carpets,  196. — Machinery  for  working  the  wires, 
198.— Fast-wire  system,  199.— Roller  wire-motion,  200.  — Rate  of  weaving, 
206. 

i)j«CMS«wra.— Fairbairn,W.,  208.— Richardson,  W.,  207.— Siemens,  C.W. 

206.— Weild,  W.,  206,  207,  208. 
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Caepmael,  F.,  elected  Member,  1869,  77. 

Cakpmael,  W.,  elected  Member,  1862,  47. — Decease,  1868,  2. — Memoir,  14, 

Caepmael,  W.,  Jun.,  elected  Member,  1866,  103. 

Caee,  T.,  elected  Member,  1872,  26. 

Disintegrator,  Paper  on  the  disintegrating  flour  mill,  and  machine  for 
pulverising  minerals  &c,,  without  grinding,  crushing,  or  stamping,  1872, 
28. — Diminution  of  number  and  length  of  beaters,  37. — Pulverising 
potsherds,  39. — Pulverising  zinc  ore,  39.  —Disintegrator  used  in  France, 
46. — Mills  with  shoi-ter  beaters,  48. — Quantity  of  flour  produced,  49. — 
Heat  not  enough  to  injure  flour,  50. — Fermentation  due  to  moisture,  not 
to  heat,  50. 

Caeeett,  W.  E.,  elected  Member,  1856,  6.— Council,  1859,  13. 

Caeeiages,  Eailway.     See  Kailway  Carriages,  1857,  149. 

Caeeington,  T.,  Jun.,  elected  Member,  1868,  43. 

Caeeington,  W.  T.,  elected  Member,  1864,  19. 

Caeson,  J.  I.,  elected  Member,  1858,  79. 

Caeteidqe  Machineey,  Paper  on  the  machinery  for  the  manufacture  of  the 
Boxer  cartridges,  by  T.  Greenwood,  1868,  105. — Introduction  of  breech- 
loading  rifles,  105.— Defects  of  needle-gun,  106. — Rim-fire  cartridges,  107. 
— Central-fire  cartridges,  107.— Machines  for  making  Mitford  bullets, 
108. — Wood-plug  machine.  111. — Clay-plug  machine,  112. — Cartridge- 
case  machines,  115. — Machines  for  fixing  carti-idge  together,  123. — 
Filling  and  capping,  125. 

Z)fse«ssi«/i.— Bouch,  W.,  130,  133.— Chapman,  H.,  131. — Davidson,  J., 
129. -Greenwood,  T.,  127,  128,  129,  130,  131,  132,  133,  134.— Newton, 
W.  E.,  127,  133.— Whitworth,  J.,  129,  131,  132,  134. 

Caetweight,  J.,  elected  Member,  1865,  218. 

Caevee,  J.,  elected  Member,  1870,  228. 

Caspeesen,  H.  W.,  elected  Member,  1869,  119. 

Cast-Ieon  Boilee.     See  Boiler,  Cast-iron,  1864,  61.— 1871,  263. 

Cast-Ieon  Tubbing.     See  Tubbing,  Cast-iron,  1861,  193. 

Cast  Steel,  Uchatius.     See  Steel,  1858,  146. 

Casting.     See  Moulding,  1858,  14. 

Casting  Moulds.    See  Moulds,  1854,  62. 

Centeifugal  Pump.     See  Pump,  1852,  99,  153.— 1853,  165. 

Chadwick,  E.,  Ventilation  of  Buildings,  suction  system  correct,  1867,  72. — 
Duvoir's  s\'stem  of  ventilation,  73. — Cost  of  ventilating,  73. 

Chadwick,  J.,  elected  Member,  1869,  276. 

Chadwick,  W.,  elected  Associate,  1886,  18.— Decease,  1871,  2. — Memoir,  15, 

Chadwick  and  Fkost's  Watee  Metee.    See  Water  Meter,  1857,  175. 

CilAiES,  Railway.  See  Railway  Chairs,  1849,  Jan.,  21. — 1851,  July,  42. — 
1853,  9.— 1873,  252. 
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Chamberlain,  H.,  elected  Member,  1849,  Oct.,  32. 

Chambeulain.  W.,  elected  Member,  1871,  117. 

Chambers,  A.,  elected  Member,  1860,  13. 

Chance,  J.  T.,  Eegenerative  Gas  Furnace,  very  successful  for  glass-melting 

furnaces,  1862,  36. — Absence  of  smoke,  44. 
Chaplin,  A.,  elected  Member,  1856,  2.50. 
Chapman,  H.  (London),  Original  Member,  1847. 
Chapman,  H.  (Paris),  elected  Member,  1866,  103. 

Steam  Road  Roller,  light  roller  used  in  Paris,  followed  by  a  heavier  one, 

1870,  175.— Steepest  gradient  rolled,  176. 
Charcoal  Manufacture.     See  Coking,  1857,  25. 

Chatelier  Steam   Break.      See  Counter-pressure  Steam   Break,  1870,  21. 
Chattaway,  E.  D.,  Buffer,  Paper  on  a  central  buffing  and  drawing  apparatus 

for  railway  carriages  1856,  173. 
Chatwin,  T.,  elected  Member,  1872,  254. 
Chatwood,  S.,  elected  Member,  1867,  59. 
Checkley,  T.,  elected  Member,  1869,  119. 
Cheesman,  W.  T.,  elected  Member,  1873,  87. 
Chellingworth,  T.  T.,  elected  Member,  1852,  41. 

Steam  Engine,  Expansive,  Paper  on  a  direct-acting  expansive  steam  engine, 

1858,  296.— Consumption  of  coal,  298. 
Steam  Engine,  Portable,  Paper  on  Cox  and  Wilson's  portable  single-acting 

steam  engine,  1853,  69. — Cost,  72. — Speed  of  working,  and  work  done,  72. 
Chemical  Furnace,  Revolving.    See  Furnace,  1869,  229. 
Chrimes,  R.,  elected  Member,  1857,  201. 

Water  Meter,  accuracy  of  Siemens'  meter  under  great  variation  of  pressure, 

1856,  122. 
Chronometric  Governor.     See  Governor,  Chronometric,  1853,  75. — 1866, 19. 
Clapham,  R.  C,  elected  Member,  1869,  119. 

Furnace,  Revolving  Chemical,  Paper  on  a  revolving  furnace  for  chemical 

works,  1869,  229. 
Clare,  T.  D.,  elected  Honorary  Member,  1851,  July,  45. 
Claridge,  T.,  elected  Member,  1866,  17. 

Cupola,  ratio  of  height  of  cupola  to  diameter,  1868,  99. 
Clark,  C.  F.,  elected  Member,  1871,  262. 
Clark,  D.  K.,  elected  Member,  1854,  5.— Council,  1863,  14. 

Expansion  in  Locomotives,  Paper  on  the  expansive  working  of  steam  in 

locomotives,  1852,  60. — Pressure  in  C5'linder  greater  than  boiler,  when 

steam   pipe  heated  in  smokebox,  84. — Great  condensation  in  outside- 

cylinder  engines,  87. 
Expansion  in  Locomotives,  Svpplevientary  Paper  on  the  expansive  working 

of  steam  in  locomotive  engines,  1852,  109. 
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Clabk,  D.  K.  (continued). 

Locomotive    Engines,    Paper    on     the   locomotive    engines    in    the   1862 
International  Exhibition,  1863,  78.— Worlciag  of  very  steep  gradients, 
109. — Brass  tubes  universalh'  used  in  locomotives,  110. 
Clark,  G  ,  elected  Member,  1859,  13. 
Clark,  G.,  Jan.,  elected  Member,  1867,  234. 
Clark,  J.,  elected  Member,  1862,  47. 
Clark,  T.,  elected  Member,  1869,  276. 
Clark,  W.  (London),  elected  Member,  1867,  59. 
Clark,  W.  (Alfreton),  elected  Member,  1869,  77. 
Clarke,  J.,  elected  Member,  1865,  101. 
Clarke,  W.,  elected  Member,  1869,  77. 

Clay,  W.,  elected  Member,  1859,  53.  — Council,  1863,   14.  —  Vice-President, 
1865,  19.— 1866,  16.— 1867,  17.— Council,  1868,  19.— 1871,  20. 
Crane,  hide  rope  for  quick-running  cranes  more  durable  than  cotton,  1868, 

168. 
Docks,  Floating,  water  driven  out  of  pontoons  by  forcing  in  air,  1867,  108. 
Flow   of    Solids,   rolled   Bessemer   steel    when   reheated    loses   its    fibrous 

character,  1867,  148. 
Hydraulic  Machinery,  rotating  lift,  1868, 35.— Utilising  weight  of  descending 

lift,  36. 
Iron  Works,  high-pressure  blast  necessary  in  Staffordshire  farnaces,  1863, 

241. 
Plate  Glass  Manufacture,  prevention  of  uneven  surface  by  packing  between 

iron  plates  in  annealing  oven,  1863,  223. 
Puddling,  Mechanical,  graphite  lining  of   furnace,  1867,  168.  —  Lining  of 

coke  and  tar,  168. 
Surface  Condensers,  theories  of  corrosion  in  boilers  with  surface  condensers, 

1863,  163.— Corrosion  affected  by  feed,  164. 
Turning  Tools,  Paper  on  an  improved  construction  of  tool  for  turning  metals 
at  increased  speed,  1872,  288. — Examples  of  increased  speed  of  turning 
by  use  of  improved  tool,  290. — Taper  pin  preferred  to  set-screw  for  fixing 
tool,  291. 
Well  Boring,  boring  tool  for  sandstone  rock.  1867,  187. 
Clay  Cross  Colliery,  Pumping  Engine.      See  Pumping  Engine,  1863,  248. 
Claye,  S.  J.,  elected  Member,  1860.  53. 
Clayton,  N.,  elected  Member,  1870,  125. 
Clayton,  R.,  elected  Member,  1863,  246. 
Cleminson,  J.,  elected  Member,  1871,  262. 
Clench,  F.,  elected  Member,  1873,  45. 
Clerk,  F.  N,,  elected  Member,  1869,  119. 
Cleveland  Blast  Fuknaces.    See  Blast  Furnaces,  1864,  249. 
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Clevelakd  Blast-Furnace  Materials.  See  Blast-Furnace  Materials,  1871, 147. 
Clewobth,  C,  elected  Member.  1866,  55. 
Cliff,  J.,  elected  Member,  1867.  2.34. 

Clift,  J.  E.,  Original  Member,  1847.— Council.   1850.  Jan..  5.— 1853,  8.— 

1856,  6. 

Brick-Making  Machine,  Paper  on  Oates'  brick-making  machine,  1859,  249. 

— Rate   of   production    of  bricks,    255.  — Drj'-clay   bricks   not   burnt  so 

thoroughly  as  wet-clay,  257. 

Coking,  closed  retorts  better  than  open  fires,   1860,    194. — Variation   in 

distilled  products  fi'om  different  coals,  195. 
Creosoting  Timber,  Paper  on  the  preservation  of   timber  by  creosoting, 

1851,  Oct.,  10. 
Gas  Lighting  for  Trains,  water  gas-holder  objectionable,  1857,  253. 
Gas   Meter,   improved   meter  very   small  variation  in   registration,  1860, 
19. —  Meters   containing  machinery   very  objectionable,  20. —  Error  in 
measurement  of  ordinary  meters,  21. 
Gas  Eetorts,  Paper  on  improved  fire-brick  gas  retorts,  1852,  178. — Carbon 

deposit  in  cracks,  184. — Advantages  of  double  retorts,  185. 
India-rubber  Pipe  Joints,  difficulty  of  repairing  joints  in  angular  positions, 

1848,  Oct.,  22. 
Pressure  Gauge,  Paper  on  an  improved  pressure  gauge  for  steam  and  water, 

(Webster's,)  1855,  129. 
Ventilation   of    Colliery,    illuminating  power   of   waste   gas   increased   by 
passing  through  sponge  saturated  with  naphtha,  1849.  July,  38. — Steam 
jets  for  emptying  gas-holders,  38. 
Clunes,  T.,  elected  Member,  1860,  89. 
Clyde  Steam  DREDaERs.     See  Dredgers,  1864.  147. 
Coal,  Combustion,  long  time  required  to  complete,  1873,  180. 
Coal,   Consumption  of.   Air  engine,    1873,   74,   81. — Cornish  engines,   179. — 
Marine  engines,  very  low,  80,  179. — Portable  engines,  175. — Theoretical 
minimum,  84. 
COAL-CUTTiNG  MACHINE,  Paper  on  a  coal-cutting  machine,  by   T.  Levick, 
1864,  272. — Increase  of  temperature  at  great  depths,  273. — Early  coal- 
catting  machines,  273. — Description  of  Jones'  pick  machine,  276. — Speed 
of  working,  278. — Air-compressing  engine,    279. — Effect  of  the  air  on 
ventilation,  281. — Advantages  of  machine,  282. 

Discussion.— KManhrooke,  G.,  290,  291,  293.— Bailey,  S.,  288.— 
Cochrane,  C,  284,  285.— Cowper,  E.  A.,  283,  287,  292.  296,  297.— Fernie,  J., 
290.— Haden,  W.,  285.— Hetherington,  J.  M.,  293.— Hill,  T.,  293.— Jones.  J. 
G.,  289,  292.— Levick,  F.,  283,  284,  286,  287,  291,  293,  296,  297.— Levick,  T., 
288,  289,  290,  291,  295.— Lloyd,  Sampson,  284,  296.— Mathews,  W.,  283, 
286.— Smith,  F.,  286,  289,  292,  295,  297— Swindell,  J,  E.,  289,  290,  292. 
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Coal-Cutting  Machine,  Paiier  on  the  application  of  macliinerjf  to  coal-cutting, 
by  J.  Fernie,  1868,  135. — Objects  of  machine  cutting,  135. — Description 
of  Firth's  pick  machine,  136. — Particulars  of  working,  137. — Description 
of  Donisthorpe's  slotting  machine,  138. — Mode  of  steadying  machine, 
111. — Particulars  of  working.  111. — Air-compressing  machinery,  113, — 
Advantages  of  machine  cutting,  113. 

Discussion. — Amos,  C.  E.,  151. — Fairbairn,  W.,  145,  147,  150. — Fernie, 
J.,  145,  147,  150,  155,  160.— Firth,  S.,  151,  153,  158,  161.— Firth,  W.,  147, 
151,  155.— Gilroy,  G.,  154,  159.— Hawksley,  T.,  161.— Lawrence,  H.,  159., 
Marshall,  W.  E.,  157,  160.— Menelaus,  W.,  148,  150,  152,  156.— Moor,  W., 
157.— Naylor,  W.,  146.— Warburton,  J.,  153.— Whitworth,  J.,  150,  162.— 
Williams,  E.,  157. 

Coal- Cutting  Machine,  Paper  on  a  coal-cutting  machine  with  rotary  cutter, 
worked  by  compressed  air,  by  R.  Winstanley,  1872,  211, — Advantages  of 
machine  cutting,  211.  —  Description  of  Winstanley  and  Barker's 
machine,  212. — Working  of  machine,  213. — Rate  of  holing,  214. — 
Particulars  of  working  of  machine,  215. 

i)is«m/rt».— Bramwell,  F.  J.,  220,  221.— Cochrane,  C,  217,— Fidler,  E., 
216,  217,  219,  223.— Lawrence,  H.,  218.— Menelaus,  W.,  221,- Ommanney, 
F.  F.,  220.— Siemens,  C.  W.,  220,  223.— Winstanley,  R.,  219, 

Coal  Mining,  South  Yorkshire,  Paper  on  the  coal  and  iron  mining  of  South 
Yorkshire,  by  P.  Jeffcock,  1862,  68.— General  extent  of  coalfield,  68,— 
List  of  principal  seams  of  coal,  G9. — Ironstone  seams,  71. — Modes  of 
working  coal,  72. — Narrow  work,  73. — Long  work,  74. — Bords  and  long 
work,  75. — Wide  work,  75. — Bank  work,  76. — Long  wall,  76. — Water  and 
gas,  77. — Safety  lamps,  78. 

Discussion.— V>t2XQ,  \V.  P.,  85.— Cochrane,  A,  B.,  80,  82,  83,  84.  86,  87.— 
Jeffcock,  P.,  80,  81,  82,  83,  84,  85,  86.— Mathews,  W.,  81,  82,  84,— 
Murphy,  J.,  85.— Swindell,  J.  E.,  81,  82,  84. 

Coal  Seams  in  Glasgow  Coalfield.     See  Coalfield,  Glasgow,  1864,  229. 

Coal,  South  Staffordshire  Thick,  Paper  on  the  ten-yard  coal  of  South 
Staffordshire  and  the  mode  of  working,  by  W.  Mathews,  1860,  91. — 
Geological  character  and  extent  of  coalfield,  91. — Uncertainty  as  to 
eastern  limit  of  coalfield,  92. — Position  of  Thick  coal,  93,— Mineralogical 
peculiarities  of  Thick  coal,  94, — Old  description  of  coalfield,  95, — 
Modes  of  working  Thick  coal,  and  methods  of  ventilation,  98. — Waste 
of  coal  by  "  rib  and  pillar  "  working,  106. — "  Long  wall  "  working,  107, 
— Area  of  Thick  coal  unworked,  and  probable  duration,  109. — Tables  of 
Bections  of  Thick  coal  at  various  places.  111. — Table  of  deaths  by 
accidents  in  collieries,  115. 

Discussion. — Cochrane,  A,  B.,  116. — Fenton,  J.,  120. — Mathews,  W., 
116, 119,  120.— Swindell,  J.  E.,  119,— Taylor,  J,,  117. 
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Coalfield.  Glasgow,  Paper  on  the  principal  seams  of  coal  and  ironstone  in 
the  Glasgow  coalfield,  by  W.  Moore,  1864,  229. — General  description  of 
coalfield,  229. — Table  of  seams,  230. — Detailed  description  of  coal  seams, 
231. — Detailed  description  of  ironstone  seams,  231. — Fitting  and  working 
of  collieries,  236. — Eailway  and  canal  accommodation,  211. — Consumption 
of  blast  furnaces,  213. 

Discussion.— AA.B.aisor\..  D.,  217.— Beale,  "W.  P.,  216.— Cowper,  E.  A., 
244,— Manning,  J.,  216.— Moore,  E.,  211,  245,  217.— Moore,  W.,  211,  216, 
247.— Napier,  E.,  245,  247,  248.— Eobson,  X.,  213,  216. 
COATES,  v.,  elected  Member,  1865,  101. 

Cochrane,  A.  B.,  elected  Member,  1847.— Council,  1856,  6.-1859,  13.— Vice- 
President,  1861,  13.-1862,  19.— 1863,  11.— Decease,  1864,  2.— Memoir, 
13. 
Coal,  South  Staffordshire  Thick,  yield  of  coal  per  acre.  1860,  116.— "Long- 
wall"  working  safer  for  men  than  "rib  and  pillar,"  117. 
Coke  Ovens,  Paper  on  a  new  mode  of  coking  in  ovens,  (Eaton's,)  applied  to  the 
Stafford.«hire  slack,  1861,  72. — Hitherto  impossible  to  coke  Staffordshire 
slack,  89. — Increased  density  of  coke  from  new  ovens,  90. — Staffordshire 
slack  coke  very  pure  and  valuable  in  blast  furnace,  91. 
Pneumatic  Lift,  entirely  satisfactory  and  free  from  accident,  1849,  July,  19. 
Tubbing,  Cast-iron,  durability  of  pitch  coating  for  cast-iron  pipes,  1861,  206. 
COCHKAN-E,  C,  elected  Member,  1858,  266.— Council,  1864,  18.— 1867,  17.— 
1870,  18.— Vice-President,  1872,  25.-1873,  21. 
Blast  Furnaces,  Paper  on  the  working  and  capacity  of  blast  furnaces,  1864, 
163. — Effect  of  distributing  cone,  172. — Size  of  charging  valve,  175. — 
Temperature  of  blast,  176. — No  difference  in  yield  fi-om  closing  top  of 
furnace,  180. —High  temperature  of  blast  increases  purity  and  strength 
of  iron,  182. — Volume  of  blast  in  Cleveland  furnaces,  256. — Length  of 
time  charge  remains  in  furnace,  260. — Precautions  against  explosions  of 
gas,  262. 
Blast-Furnace  Gas,  Paper  on  a  method  of  taking  off  the  waste  gases  from 
blast  furnaces,  1860,  121. — Close-topped  furnace  gives  as  good  iron  a3 
open-topped,  267.— Importance  of  safety  valves  on  gas  main  in  case  of 
explosions,  271. 
Blast-Furnace  Gas,  Paper  on  the  further  utilisation  of  the  waste  gas  from 
blast  furnaces,  and  the  economy  of  coke  due  to  increased  capacity  of 
furnace,  1869,  21. — Temperature  of  gas  independent  of  rate  of  driving, 
38. — Larger  furnaces   probably  lower   consumption  of  coke,   39. — Not 
possible  to  absorb  all  heat  from  escaping  gas,  70. 
Blast-Furnace  Materials,  propos;\l  to  reduce  ore  before  its  introduction  into 
furnace,  1871,  167. — Falling  off  in  quality  of  gas  when  using  raw  ore,  171. 
Boiler,  Cast- Iron,  metal  not  injured  by  fire  in  Miller  boiler,  1871,  273. 
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COCHBANE,  C.  (continued). 

Boilers,  Paper  on  steam  boilers  witli  small  water  space,  and  Root's  tube 
boiler,  1871,  229. — Desirable  to  use  only  distilled  water  for  boilers,  249. 
Coal-Cutting    Machine,   difficulty    of    applying    machine   to    StafEordshire 

Thick  Coal,  1864,  284. 
Cupola,  consumption  of  coke  in  Ireland's  cupola,  1856,  57. 
Hot-Blast  Stoves,  Paper  on  the  further  economy  of  fuel  in  blast  furnace!?, 
derivable  from  the  high  temperature  of  blast  obtained  with  Cowper'a 
improved  regenerative  stoves  at  Ormesby,  and  from  increased  capacity  of 
furnace,  &c.,  1870,  62. — Temperature  of  blast  can  be  raised  beyond 
usual  working  on  emergencies,  88. — Fluctuation  in  temperature  of  blast 
from  regenerative  stoves,  not  injurious,  89. — Actual  and  theoretical 
saving  of  coke  from  increased  temperature  of  blast,  90.  —  Improved 
regenerative  stoves,  91.  —  Further  confirmation  of  economy  from  hotter 
blast,  102.— Best  to  admit  all  the  air  for  combustion  at  once,  102. — High 
temperatm-e  reached  in  regenerative  stoves,  103.  —  Failure  of  cast-iroa 
plates  in  stoves  for  cooling  the  escaping  gas,  103. — Only  small  expense 
for  renewal  of  regenerative  stoves,  104. — Limit  to  economy  from  increased 
height  of  furnace,  104. — Quality  of  iron  improved  by  hotter  blast,  107. 
Iron  Manufacture,  Haematite,  high  blast-furnace  unsatisfactory  in  haematite 

district,  1871,  135. 
Tin  Stream  Works,  dressing  machine  for  ironstone  in  Maryland,  1873,  165. 
Tubbing,  Cast- Iron,  mode  of  protecting  cast-ii-on  pipes  from  corrosion,  1861, 
205. 
Cochrane,  H.,  elected  Member,  1860,  250. 
Cochrane,  J.,  elected  Member,  1854,  79. 

Drilling  Machine,   Paper  on  a  machine  for  drilling  instead  of  punching 
wrought-iron  plates,  1860,  201. — Great  accuracy  of  drilled  holes,  205. — 
Durability  of  drills,  206.— Cost  of  Jacquard  punching  machine,  207. — 
Time  spent  in  fixing  plate,  and  drilling,  209. 
Eiveted  Joints,  experiments  on  relative  strength  of    drilled  and  punched 
plates,  1872,  79.— Tables  of  experiments,  80.— No  advantage  in  drilling 
over  careful  punching  for  single  plates,  81. — Where  several  plates  to  be 
riveted  together,  drilled  holes  better  than  punched,  81. 
Cochrane,  J.  B.,  elected  Member,  1869,  77. 
Cochrane,  W.,  elected  Member,  1868,  103. 

Boilers,  failure  of  Harrison  cast-iron  boiler,  1871,  245. 

Break  Drums,  failure  of  cast-iron  break  blocks  rubbing  against  wrought- 
iron  strap,  1871,  207. 
Ventilating  Fan,  concentric  form  of  case  correct,  not  spiral  form,  1871,  30. 
— Expanding  chimney  very  valuable,  30. — No  great  variation  in  water 
gauge,  whether  the  orifice  faces  air  current  or  not,  32. 
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Ventilation  of  Mines,  Paper  on  the  various  systems  of  ventilation  of  mines, 
1869,  133.— Proportion -of  power  utilised  in  Guibal  fan,  151.— Power 
required  increases  as  cube  of  velocity,  153. 

COCKEK,  J.,  Decimal  Measurement,  description  of  Cocker's  decimal  gauge, 
1859,  124.— Cost  of  gauges,  125. 

COCKEY,  F.  C,  elected  Member,  1867,  59. 

CODDINGTON,  W.,  elected  Member,  1864,  59. 

Coke,  E.  G,,  elected  Member,  1847. 

Coke,  W.  L.,  elected  Member,  1867,  59. 

Coke  Ovens,  Paper  on  a  new  mode  of  coking  in  ovens,  (Eaton's,)  applied  to 
the  Staffordshire  slack,  by  A.  B.  Cochrane,  1861,  72.— Ordinary  plan  of 
coking,  arrangement  of  ovens,  72.— Waste  of  coke  by  ordinary  plan,  74. 
— Improved  plan  of  coking,  circular  arrangement  of  ovens,  75. — 
Charging,  76.— "Working,  77. — Coking  of  Staffordshire  slack,  78. — Actiou 
of  au-  during  coking,  80.— Size  of  ovens,  82.— Cost  of  block  of  ovens, 
83.— Cost  of  working,  84.— Experiments  on  coking,  87. 

jDiSCJ/ssjon.  — Anderson,  J.,  93. —  Cochrane,  A.  B.,  89,  90,  91. — 
Cochrane,  C,  91,  92.— Cowper,  E.  A.,  90,  91.  — Haden,  W.,  89,  91.— 
Lloyd,  Samuel,  90,  91.— Murphy,  J.,  91,  92.— Paddon,  J.,  92.— Solly,  N.  N., 
89,  90.— Swindell,  J.  E.,  91. 

Coking,  Paper  on  the  manufacture  of  charcoal  and  coke,  by  E .  Rogers,  1857, 
25.— Earliest  plan  of  charcoal  burning,  25.— Charcoal  burning  in  long 
mounds,  27.— Introduction  of  coal  for  iron  smelting,  28.— Coke  heaps, 
29. — Lord  Dundonald's  coke  ovens,  30. — Hemispherical  ovens,  30. — 
New  coking  kilns,  31.— Wood  unsuitable  for  iron  smelting  before  being 
coaled,  33.— Nature  of  coking  process,  34.— Increased  yield  from  hotter 
ovens,  34. 

DUcusmtn.—QXxii,  J.  E.,  36,  37,  38.— Cochrane,  A.  B.,  40.— Cowper, 
E.  A.,  38.— Craig,  W.  G.,  38,  39.— Ramsbottom,  J.,  37.— Rogers,  E.,  35,  36, 
37,  38,  39,  40.— Whitworth,  J.,  35,  36,  40. 

Coking,  Paper  on  a  new  process  of  open  coking,  by  S.  H.  Blackwell, 
1860,  188,— Coking  bituminous  coal  in  ovens,  188.— Ordinary  plan  of 
coking  non-caking  coal  in  open  fires,  188.  — Improved  plan  of  open 
coking  for  collecting  products  of  combustion,  190.— Arrangement  of 
pipes  and  main,  192.— Condensed  products  of  distillation,  192. 

Z>«cfm(0/i.  — Blackwell,  S.  H.,    197,   198.— Clift,  J.  E.,    194,   198.— 
Cochrane,  C,  198.— Cowper,  E.  A.,  195.— Kennedy,  J.,  199.— Mathews,  W., 
196. 
Coking,  Ceane,  for  supplying  locomotives.    See  Crane,  Coking,  1853,  122. 
CoLBUBN,  Z.,  elected  Member,  1854,  59. -Decease,  1871,  2.- Memoir,  15. 
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CoLBUEN,  Z.  (continued). 

Boiler,  Cast-iron,  Paper  on  Harrison's  cast-iron  steam  boiler,  1864,  61. — 

Convenience  for  cleaning,  81. — Freedom  of  cast-iron  from  corrosion,  81. 

Locomotives,    Distribution    of    Weight,    use    of    compensating    lever    on 

American  railways,  1864,  115.— Great  weight  below  springs  in  American 

locomotives,  116. 

Coleman's  India-Rubber  Springs.    See  Springs,  1853,  45. 

Colliery,  Clay  Cross,  Pumping  Engine.    See  Pumping  Engine,  1863,  248. 

Colliery  Drainage,  Elevator  for.    See  Elevator,  1861,  220. 

Colliery,  Newcastle,  Paper  on  the  improvements  and  progress  in  the  working 
and  ventilation  of  coal  mines  in  the  Newcastle-on-Tyne  district  within 
the  last  fifty  years,  by  Nicholas  Wood,  1858,  177.— Coalfield  of 
Northumberland  and  Durham,  geological  position,  &;c.,  178. — Dykes  and 
faults,  182. —  Commercial  character  of  coal  beds,  185.  —  Cleveland 
ironstone,  187. — Extension  of  coal  trade  of  Northumberland  and  Durham, 
192. — Working  of  coal,  195. — Coal-cutting  machine,  195. — Usual  plan 
of  pillar  working,  200.  —  Ventilation  of  mines,  202.  —  Description  of 
ventilating  furnace,  203. — Arrangement  of  air-courses,  205. — Lighting 
of  mines,  safety  lamps,  k.c.,  209.  —  Sinking  pits,  drainage,  &c.,  213. — 
Railways  and  steam  colliers,  215. — Locomotives,  217. — Steam  boats,  219. — 
Underground  conveyance  of  coal,  220. — Tables  of  sections  of  strata,  225 
to  233. 

i>tscwmo?i.— Armstrong,  W.  G.,  236.— Dunn,  M.,  234.— Fairbairn,  W., 
23.— Prideaux,  T.  S.,  233,  235.— Wood,  N.,  233,  235. 

Colliery  Ventilation.     See  Ventilation  of  Colliery,  1849,  July,  3L 

Colliery  Working,  Midland,  Paper  on  the  mode  of  working  and  the 
mechanical  appliances  employed  in  the  Midland  coalfield,  by  G.  Fowler, 
1870,  146.— Modes  of  working,  "pillar"  and  "long- wall,"  146. — Haulage, 
148. — Advantages  of  "  endless  chain  "  haulage,  150. — Raising,  152. — 
Three  classes  of  winding  machinery,  162. — Tables  giving  moments  of 
load  and  engine  power,  154. — Mode  of  working  three  classes  of  engines, 
157. — Weights  in  motion,  158. — Means  of  obtaining  equilibrium  of  load, 
159. — Modification  of  conical  drum  to  assist  engine  at  starting  and 
stop)ping,  160. — Four-decked  cage,  160. 

Discussion.— BoxxGh,  W.,  163.— Bramwell,  F.  J.,  162,  165.— Fowler,  G., 
161,  162,  164,  166.— Hawksley,  T.,  IGl,  162,  168.— Head,  J.,  166.— Howe, 
W.,  167.— Hughes,  G.  D.,  166.— Olrick,  L.,  164.— Paget,  A.,  164.— 
Swindell,  J.  S.  E.,  168.— Whitehead,  P.  O.,  168. 

CoLLlNGHAM,  R.  M.,  elected  Graduate,  1873,  251. 

Collins,  J.  H.,  Mining  District  of  Cornwall,  /'a^^cr  on  the  mining  district  of 
Cornwall  and  West  Devon,  1873,  89. — Description  of  minerals  of  district, 
107. — Very  small  percentage   of  copper  and  tin  in  lodes,    109.  —  High 
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Collins,  J.  H.  (continued). 

temperature  of  lower  levels  assists  ventilation,  113. — Cornish  iron  ores 
hitherto  sent  away  uncleaned,  114.— Origin  of  "combed"  structure  in 
lodes,  114. — Formation  of  "vughs"or  cavities,  115. — Perran  iron  lode 
is  a  true  lode,  118.— Cost  of  cleaning  iron  ore,  118. 

COLVILLE,  A.,  elected  Member,  1848. 

Combing  Machine,  Paper  on  the  combing  of  fibrous  materials,  by  B. 
Fothergill,  1853,  151. — Amount  of  wool  grown  in  England,  152. — 
Cartwright's  combing  machine,  152. — Heilmann's  improved  combing 
machine,  153. — Sorting  of  fibres  according  to  length,  154. 

Z>iscj/ssiow.— Dyer,  W.,  155. — Fairbairn,  W.,  156.— Fothergill,  B.,  155. 

Compensating  Appaeatus  for  variation  in  length  of  signal  wires,  1873,  39. 

Compound-Cylindee  Blowing  Engines.    See  Blowing  Engines,  1871,  175. 

Compound-Ctlindee  Engines,  Paper  on  the  double-cylinder  expansive  steam 
engine,  by  W.  Pole,  1862,  242.— Hornblower's  double-cylinder  engine,  243. 
— Woolf  s  improvements,  245.— Application  of  double-cylinder  engine  to 
waterworks,  246. — Comparison  of  single  and  double-cylinder  engines,  248. 
— Best  point  of  cut-ofE  with  different  degrees  of  expansion,  251. — Loss  in 
steam  passages,  252. — Analytical  investigation  of  principles  of  double- 
cylinder  engine,  253. 

Compound-Cylindee  Maeine  Engines.    See  Marine  Engines,  1872,  125. 

Compound-Cylinder  Pltuping  Engines,  Paper  on  double-cylinder  pumping 
engines,  by  D.  Thomson,  1862,  259. — General  arrangement  of  engines  at 
Lambeth  Water  "Works,  259. — Valves  and  valve-gear,  260. — Indicator 
diagrams,  262. — Results  deduced  from  indicator  diagrams,  264. — Economy 
of  fuel,  267. 

Bhcussion.—KW^xs,  E,  E.,  276,  287.— Armstrong,  Sir  W.  G.,  270,  286, 
288.— Cowper,  E.  A.,  277.— Grantham,  J.,  271.— Hawksley,  T.,  279,  283, 
286.— Pole,  W.,  268,  283,  284.— Russell,  J.  S.,  275,  284.— Thomton,  D., 
270,  271,  284,  286. 

Compound  Metallic  Rods.    See  Metallic  Rods,  1855,  18. 

CoMPEESSED-AiE  ENGINE.     See  Air  Engine,  1856,  145. 

COMPEESSED-AiE  HAMMER.     See  Hammer,  1858,  118. — 1865,  94. 

Compressed- AiE  Pressure  Gauge.    See  Pressure  Gauge,  1859,  179. 

CoMPEESSED  Peat  Fuel.     See  Peat  Fuel,  1865,  147. 

Condensation  of  Steam,  Paper  on  the  condensation  of  steam  in  the  engines 
of  the  South  Staffordshire  iron  district,  and  the  improvements  to  be 
effected  in  them,  by  W.  Smith,  1850,  Jan.,  31.— Particulars  of  engines, 
81. — Character  of  indicator  diagrams,  32. — Importance  of  making  steam- 
ways  and  condenser  sufficiently  large,  33. — Loss  in  district  from 
wasteful  action  of  engines,  35. — Table  of  engine  cylinders,  35. 
Discussion, — McConnell,  J.  E.,  37, — Slate,  A,,  37. 
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Condensation  op  Steam,  Supplementary  Paper  on  the  condensation  of  steam 
in  the  engines  of  the  South  Staffordshire  iron  district,  and  the 
improvements  to  be  effected  in  them,  by  W.  Smith,  1850,  July,  4. — 
Importance  of  sufficient  size  in  steam  and  eduction  valves,  &c.,  5. — 
Results  of  increase  in  valves,  &c.,  6, — Injection  pipe  for  condenser,  6. — 
Lime  deposit  in  condenser,  7. — Expansive  action,  9. — Saving  of  fuel  in 
Staffordshire  district  by  improvement  of  engines,  10. 

Discussion. — Bowman,  R.,  11,  12,  13. — Cowper,  E.  A.,  12,  13,  15. — 
McConnell,  J.  E.,  11,  15,  16.— Slate,  A.,  12,  15.— Smith,  W.,  11,  12.— 
Thorneycroft,  T.,  12. 
CONDENSEE.  See  Boiler  and  Condenser,  1848,  Apl.,  5,  June,  11. — High- 
Pressure,  1861,  94. 
CoNDENSEE,  EJECTOE,  Paper  on  the  ejector  condenser  for  steam  engines, 
dispensing  with  an  air  pump,  by  A.  Morton,  1872,  256. — Principle  of 
action,  256. — Description  of  condenser,  257.— Condenser  raising  its  own 
injection  water,  258.— Temporary  jet  of  boiler  steam  to  start  condenser, 
258. — Self-acting  piston-valve  for  jet  of  boiler  steam,  259.— Condenser 
for  pair  of  engines,  259. — Proportions  of  jet,  260. — Experiments  on 
condenser,  261. — Indicator  diagrams  from  engines  with  ejector  condenser, 
262, 

2)isc«ssio».— Bramwell,  F.  J.,  265,  268.— Morton,  A.,  263, 264,  266,  267, 
269,  270,  273.— Olrick,  L.,  266,  269.— Perks,  J.  H.,  265,  266.— Robinson,  J., 
272,  273.— Siemens,  C.  W.,  264,  269,  270,  271,  273.— Thompson,  W.,  264, 
266,  272. 
CONDENSEE,  Regeneeative.  See  Regenerative  Condenser,  1851,  July,  20. 
CONDENSEE,  SUEFACE,  Paper  On  a  surface  condenser,  by  J.  P.  Joule,  1856, 
185.  —  Description  of  condenser,  185.  —  Degree  of  vacuum,  186. — 
Importance  of  surface  condensation,  187. — Improved  construction  of 
condenser,  188. — Separate  water  pump  and  air  pump,  189. 

Discussion. — Fairbairn,  W.,  192, 193. — Harvey,  R.,  192. — Johnstone,  J., 
193.— Napier,  J.  R.,  193.— Neilson,  W.  M.,  194.— Thomson,  W.,  191, 194.— 
Tosh,  G.,  193.— Whitworth,  J.,  194. 
CONDENSEE,  SuEPACE,  Paper  on  surface  condensation  in  marine  engines,  by 
E.  Humphrys,  1862,  99. — First  introduction  of  surface  condensers,  99. 
— Improved  make  of  surface  condensers,  100. — Stand-pipe  for  liberating 
air,  101. — Tube  plates,  101, — Packing  and  glands  for  tubes,  102. 
Circulation  of  condensing  water,  103. — Particulars  of  working,  103. — 
Cleaning  of  condensers,  104. 

Discussion.— ATUxstTong,  Sir  W.  G.,  106,  110,  111,  114,  116,  120,  122, 
123.— Bovill,  G.  H.,  117,  121,  122.— Bramwell,  F.  J.,  109,  113.— Cowper, 
E.  A.,  115,  116,  118,  120.— Everitt,  G.  A.,  112,  113.— Hawksley,  T.,  Ill, 
113,  119,  120,  122.— Humphrys,  E.,  105,  106,  110,  111,  112,  113,  114,  118, 
121, 122, 123.— Richardson,  W.,  118.— Spencer,  J.  F.,  106, 109, 120, 121, 122. 
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CONDENSEE,  SURFACE,  Paper  on  the  effects  of  surface  condensers  on  steam 
boilers,  by  J.  Jack,  1863,  150. — Introduction  of  surface  condensers,  150, 
— India-rubber  packing  for  ends  of  tubes,  151. — Eemoval  of  scale  from 
old  boilers,  152. — Analysis  of  deposit  formed  in  new  boilers,  153. — 
Pitting,  153. — Difficulty  of  accounting  for  coiTosive  action  of  distilled 
water,  154. — Action  of  distilled  water  on  metals,  155. 

Discussion.— Q\2.j ,  W.,  163,  165.— Everitt,  G.  A.,  160.— Gray,  J.  McF., 
157.— Harman,  H.  W.,  159.— Kennan,  J,,  161.— Mackay,  J.,  163.— Markham, 
C,  157.— Poole,  B.,  162.— Ramsbottom,  J.,  156.— Reynolds,  E.,  161.— 
Eigg,  A.,  162.— Rollo,  D.,  158,  161,  165.— Smith,  L,  159. 

Condensing  Engine,  Paper  on  the  importance  of  making  a  compensation  for 
the  pull  of  the  air-pump  bucket  in  the  condensing  steam  engine,  by  G. 
Heaton,  1850,  Apl.,  26. — Particulars  of  engine  experimented  on,  26. — 
Weights  acting  at  each  end  of  beam,  28. — Counterbalance  for  pull  of 
air-pump  bucket,  28. — Results  of  application,  29. 
J>iscuss%on. — Heaton,  G.,  30. — Stephenson,  R.,  29. 

Condensing  Engine,  Paper  on  an  improved  horizontal  condensing  steam 
engine,  by  "W.  B.  Johnson,  1855,  198.— Description  of  engine,  199. — 
Adjustment  for  wear  of  guides,  201. — Compound  engine,  201.— Indicator 
diagi'ams,  201. 

Piscussion.—3dh.Ti&on,  W.  B.,  202,  203,  204.— Longridge,  E.  B.,  205.— 
Peacock,  R.,  205.— Ramsbottom,  J.,  202,  205.— Siemens,  C.  "W.,  202,  203, 
204. 

CONTI,  P.,  Ships,  Paper  on  a  new  construction  of  iron  ships  for  war  purposes, 
1856,  221. 

Conversazione,  Birmingham,  1860,  177.— Dublin,  1865, 164.— Glasgow,  1856, 
195.— Leeds,  1859,  194.— London,  1862,  312.— Manchester,  1857,  133.— 
Newcastle,  1858,  175. 

Convex-Plate  Spring.    See  Spring,  1857,  219. 

Cooke,  C.  W.,  Air  Engine,  Heated,  Paper  on  Wenham's  heated-air  engine, 
1873,  63. 

Cooper,  L.,  Hydraulic  Machines,  arrangement  of  pumps  and  machinery  with 
self-acting  regulators,  but  without  accumulators,  1872,  208. 

Cooper,  S.  T.,  elected  Member,  1853,  75.— Decease,  1872,  2.— Memoir,  16. 

Cope,  J.,  elected  Member,  1860,  250.— Decease,  1871,  2.— Memoir,  16. 

Copying  Machinery,  Paper  on  some  applications  of  the  copying  or  transfer 
principle  in  the  production  of  wooden  articles,  by  J.  Anderson,  1858,  237, 
— General  extension  of  copying  principle,  237. — Simple  copying  lathe,  239. 
— Turning  long  poles,  239. — Turning  wood  sabots  for  round  shells,  240.— 
Turning  wood  plugs  for  minie  bullets,  241. — Blanchard  lathe,  243. — 
Shaping  scabbard  linings,  244. — Gunstock  manufacture,  245. — Adjusting 
drills  to  allow  for  wear,  247. 
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Discussion. — Anderson,    J,,   247,    248. — Armstrong,    W.    G.,    248. — 
Fairbairn,  W.,  247.— Fothergill,  B.,  247. 

CoKDON,  J.,  elected  Associate,  1868,  212. 

CORLETT,  H.  L.,  elected  Member,  1865,  53. 

CoELiss  ExpAJsrsiON  A^alve-Gear.     See  Valve-Gear,  1868,  177. 

COBN  Mill,  Buchholz,  Paper  on  the  Buchholz  process  of  decorticating  grain, 
and  making  semolina  and  flour  by  means  of  fluted  metal  rollers,  by  W.  P. 
Balier,  1872,  225.— Structure  of  wheat  grain,  225. — Object  of  Buchholz 
process,  226. — Hulling  machine,  227. — Self-sharpening  of  blades,  228. — 
Semolina  mill,  231. — Superiority  of  Buchholz  process,  232. —  Subsequent 
treatment  of  semolina  and  bran,  233. — Centrifugal  sorter,  233. — Superior 
quality  of  flour  produced  by  Buchholz  process,  234. 

Disctission.—Amn,S.  S.,  236,  238.— Bramwell,  F.  J.,  236,  238.— Mallet, 
R.,  238.— Newton,  W.  E.,  235,  239.— Siemens,  C.  W.,  238,  239, 

Corn  Mill,  Floating,  Pajje?-  on  a  floating  steam  corn-mill  and  bakery,  by  W. 
Fairbau-n,  1S58,  155. — Necessity  of  fresh  flour  and  bread  for  English 
army  in  Crimea,  155. — Description  of  floating  corn-mill,  156. — Amount 
of  flour  produced,  156. — Working  expenses,  157. — Grinding  wheat  while 
vessel  in  motion,  158. 

Discussion. — Anderson,  J,,  159. — Cowper,  E.  A.,  158. — Fairbairn,  "W., 
158,  159.— Smith,  W.,  159.— Whitworth,  J.,  159. 

Corn-Mill  Machinery,  Paper  on  improved  corn-mill  machinery,  by  A.  White, 
1856,  140. — Injurious  effect  of  centre  of  stones  on  wheat,  140. — Annular 
arrangement  of  stones,  140. — Distributing  disc  and  fan,  141. — Improved 
mode  of  discharging  flour  from  stones,  142. 

Discussion.— T)u\m,  T.,  142.— Fairbairn,  W.,  143,  144.— Fothergill,  B., 
143._White,  A.,  142,  143,  144.— Whitworth,  J.,  143,  144. 

Corn-Warehousing  Machinery,  Paper  on  the  hydraulic  machinery  for 
warehousing  grain  at  the  Liverpool  docks,  by  P.  G.  B.  Westmacott,  1869, 
208. — Position  and  arrangement  of  warehouses,  208. — Importation  of 
breadstuffs,  209. — Employment  of  hydraulic  power,  210. — Expertments 
with  revolving  screws  for  conveying  grain,  212. —  Conveyance  on  flat 
travelling-bands,  214. — Arrangement  for  transferring  grain  from  band, 
215. — Centrifugal  spreader,  217. — Hydraulic  cranes,  217. — Tubs,  weighing 
hoppers,  218. — General  arrangement  of  bands,  219. — Bucket  elevators, 
220. — Single  and  double-acting  jiggers,  221. 

Discussion. — Armstrong,  Sir  W.   G.,  228. — Bramwell,   F.   J.,   224. — 
Carbutt,  E.  H.,  224.— Cowper,  E.  A.,  227.-Fernift,  J.,  223.— Gilroy,  G., 
223.— Kennan,  J.,  227.— Mallet,  E.,  227.— Olrick,  L.,  228.— Ramsbottom, 
J.,  222,  224.— Westmacott,  P.  G.  B.,  223,  224,  226,  227,  228. 
Cornish  Pumping  Engines.    See  Pumping  Engines. 
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Cornish  Pumping  Engines,  Table  of  Duty  for  62  years,  1873,  200. 

Cornwall  Summer  Meeting,  1873,  87. 

Corrosion  of  Locomotive  Boilers.    Ses  Boilers,  Corrosion  of,  1866,  56. 

CORRY,  E.,  elected  Member,  1848,  Apl.,  23. 

CORTAZZi,  F.  J.,  elected  Member,  1857,  201. 

COTTERiLL,  E.,  Lock,  description  of,  1852,  93. 

Cotton-Drawing  Rollers,  Paper  on  the  construction  of  drawing  rollers  for 
spinning  machinery,  by  W.  "VVeild,  1863,  59. — Early  inventions  for 
spinning  cotton,  59. — Eoller  gins,  60. — Whitney's  saw  gin,  62. — Diawing 
frame,  62. — Ordinary  construction  of  top  rollers,  63. — Improved  rollers, 
64. — Fluting  of  bottom  rollers.  65. — Spiral  flutes,  66. — Milling  machine 
for  fluting  rollers,  67. — Mode  of  manufacture  of  rollers,  69. — Action  of 
drawing  rollers,  70. — Length  of  fibre  of  cotton,  71. — Bessemer  steel 
rollers,  72. 

Discussion.— Q\^x\,  D.  K.,  77.— Fernie,  J.,  75,  76,  77. — Joy,  D.,  75. — 
Lloyd,  Sampson,  72,  73,  74,  75,  77.— Weild,  W.,  72,  73,  74,  75,  76,  77. 

Cotton  Mill,  Eemoval  of  Iron  Columns  in.     See  Iron  Columns,  1866,  181. 

Cotton-Spinning  Machinery,  Paper  on  machinery  for  the  preparing  and 
spinning  of  cotton,  by  J.  Piatt,  1863,  199.  —  Three  distinct  operations, 
199. — Paul's  first  spinning  machine,  200. — Arkwright's  machine,  201. — 
H.-irgreaves's  spinning  jenny,  202. — Arkwright's  further  improvements, 
20.5.— Opening,  207.— Scutching,  209.— Carding,  212.— Drawing,  219.— 
Slubbing,  intermediate,  and  roving,  24.  —  Houldsworth's  differential 
motion,  223. — Spinning,  227. — Roberts'  self-acting  mule,  232. — Statistics, 
240. 

Z>iscwss(0«.— Fothergill,  B.,  241,  244.— Piatt,  J.,  242.— Ramsbottom,  J., 
244.— Richardson,  W.,  244.— Whitworth,  J.,  241,  244. 

Cotton  Spooling,  Paper  on  a  self-acting  machine  for  spooling  thread,  by 
W.  Weild,  1861,  54. — Cutting  and  turning  spools,  54. — Hand  spooling 
machines,  55. — Description  of  self-acting  machine,  56. — Traversing  the 
thread  guides,  57. —  Fastening-oflE  end  of  thread,  59. —  Changing  the 
spools,  59. — Driving  pulleys,  60. — Diagrams  of  cam  motions,  61. — 
Standard  for  sizes  of  spools,  64. — Speed  of  working,  65. 

Discussion. — Anderson,  J.,  67,  68,  69. — Bramwell,  F.  J.,  70. — Cochrane, 
A.  B.,  67,  71.— Cowper,  E.  A.,  69.— Marshall,  W.  P.,  70.— Weild,  W.,  66, 
67,  69,  70. 

C0ULS0N,W.,  elected  Member,  1868,  212. 

Coulthard,  H.  C,  elected  Member,  1860,  250. 

Iron  Works,  Paper  on  the  new  iron  works  at  Grosmont,  1863,  225. 

Council,  List  of,  1848,  Oct.,  30.-1849,  Jan.,  9.-18.50,  .Jan.,  4.— 1851,  Jan., 
8.-1852,  1.— 1853,  1.— 1854,  1.— 1855,  v.— 1856,  v.— 1857,  v.— 1858,  v.— 
1859,  v.— 1860^  v.— 1861,  v.— 1802,  v.— 1803,  v.— 1864,  v.— 1865,   v.— 
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1866,   v.— 1867,  v.— 1868,  v.— 1869,  v.— 1870,  v.  — 1871,   v.— 1872,  v.— 
1873,  V. 
Council,  Report  of,  Annual,  1849,  Jan.,  3.— 1850,  Jan.,  38.— 1851,  Jan.,  3.— 
1852,  3,-1853,  3.-1854,   1.-1855,   1.-1856,   1.— 1857,   1.— 1858,   1.— 
1859,  1.— 1860,  1.— 1861,  1.— 1862,  2.— 1863,  1.— 1864,  1.-1865,  1.— 1866, 
1.-1867,  1.— 1868,  1.-1869,  1.— 1870,  1.— 1871, 1.-1872,1.-1873,1. 
CouKTEE.     See  Engine  Counter,  1849,  Jan.,  14. 
Counter-Pressuee  Steam  Beeak.    See  Break,  1870,  21. 
Coupling,  Friction.    See  Friction  Coupling,  1858,  22.— 1868,  214. 
Coupling  Eod.     See  Axlebos,  1858,  166. 
Coupling,  Safety,  for  Wagons.     See  Railway  Safety  Wagon  Coupling,  1860, 

277. 
Courtney,  W.,  elected  Member,  1849,  July,  39. 
Cowans,  J.,  elected  Member,  1864,  271. 
Cowex,  G.  R.,  elected  Member,  1870,  228. 
CowiE,  D.,  elected  Member,  1860,  250. 
Cowper,  C,  elected  Member,  1849,  Jan.,  9, — Decease,  1861,  2. 

Pressure  Gauge,  Paper  on   Bourdon's  metallic  barometer,  indicator,   and 

other  applications  of  the  same  principle,  1852,  141. 
Railway  Chairs,  amount  of  strain  produced  by  expansion  of  rails,  1853,  107. 
CoWPEi?,  E.  A.,  Original  Member,  1847.  —  Council,  1848.— 1849,  Jan.,  9.— 
1851,  Jan..  8.-1857,-1860,  13,— Vice-President,  1863, 14.-1864,18.— 
Council,  1865,  19.-1868,  19. 
Air    Engine,    Heated,    Ericsson's    engine    not    satisfactory,    1873,    79. — 
Difficulties  much   increased   in   large   caloric    engines,    80, — Very    low 
consumption  in  some  marine  steam  engines,  80. 
Axles,  mode  of  calculating  correct  shape  for  axles,  1850,  Oct.,  9. 
Blast  Furnaces,  results  of  working  of  regenerative  hot-blast  stoves,  1864, 
177. — Casting  chilled  rolls,  186. — Description  of  p)'rometer,  257. — Mode 
of  washing  waste  gas,  264. — Illustration  of  lateral  support  of  materials, 
1869,  37. 
Blast-Fumace  Gas,  important  to  have  charging  bell  properly  proportioned 
in  closed-top  furnaces,  1860,  130. — Make  of  ii'on  after  taking  off  gas, 
269. — Gas  conveyed  long  distances,  271. 
Blooming  Machine,  cinder  effectually  squeezed  out,  1851,  June,  13. 
Blowing  Engine,  Paper  on  a  set  of  six  blast  engines  made  for  the  East 
Indian  Iron  Company,  1855,  154, — Single  blowing  engines  give  more 
regular  blast  without  flywheel,   unless  quick   working,  160, — Fan  not 
high  enough  pressure  for  blast  furnaces,  161, — Pressure  of  fan  blast,  162. 
Boiler  and  Condenser,  power  required  to  drive  condenser,  1848,  Apl.,  7. — 
Comparative  surface  in  atmospheric  condenser,  8. 
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Boilers,  importance  of  having  sufficiently  large  water  spaces,  1859,  229.— 

Loss  of  heat  into  brickwork  in  all  externally-fired  boilers,  1871.  59. — 

More  frequent  blowing-off  requisite  with  sulphate  of  lime  than  carbonate 

of  lime,  60, 
Brick-Making,  price  of  cheap  hand-made  bricks,  1859,  50. 
Coal-Cutting  Machine,  jet  of  air  and  water  to  clear  out  groove  in  coal,  1864, 

292, 
Coalfield,  Glasgow,  construction  and  working  of  coal-cutting  machine,  1864. 

244, 
Condensation  of  Steam,  injection  jet  from  pump,  1850,  July,  13.— Improved 

form  of  injection  valve,  14. — Improved  form  of  air  pump,  14. — Indicator 

figures  with  improved  injection  valve,  14. 
Copper  Sheathing  for  Ships,  much  less  durable  than  formerly,  1867,  57, 
Cupola,  very  low  consumption  in  Krigar's  cupola,  1868,  95, 
Disintegrator,  no  difficulty  in  keeping  bearings  cool,  1872,  43. — Machine 

when    clogged   is   cleared    by   reversing  for   short   time,   44. — Mineral 

disintegrator  works  well  with  tough  iron  ore,  44. — Square  beaters  possibly 

better  than  round,  44. — Less  churning  of  air  with  closed  external  casing, 

47. 
Double-Cylinder  Engines,  annular  piston  objectionable,  1862,  277. — Double- 
cylinder  engines  with  cranks  at  right  angles,  277, 
Dovetailing  Machine,  importance  of  properly  spacing  dovetails,  1868,  86, — 

Eapidity  of  changing  saw-blades,  87. 
Expansion  in  Locomotives,  experiment  showing  that  steam  is  not  condensed 

during  expansion,   1852,  85. — Condensation  in  cylinder  due  to  loss  of 

heat  by  radiation.  86. 
File-Cutting   Machine,   Bernot's    machine    great   improvement   on   former 

machines,  1859,  143. — Second  cut  should  be  lighter  than  first,  143. 
Governor,  Chronometric,  experiments  on  quickness  of  action,  1866.  34, — 

Facility  of  adjusting  speed  of  engine,  42. 
High-Pressure   Steam  Engine,  importance  of  surface  condensation,  1861, 

103. — Vertical  tubular  boilers  very  liable  to  priming,  108. 
Hot-Blast  Stoves,  saving  of  coke  by  every  rise  in  temperature  of  blast,  1870, 

87. — Improved  arrangement  of  bricks  in  stoves,  91, — Cleaning  stove  by 

steam  jet,  92, — Cost  of  regenerative  stoves,  94, — Quality  of  iron  improved 

by  hotter  blast,  108, 
Hydraulic   Machinery,    comparison    with    compressed    air,     1868,    33, — 

Differential  accumulator,  34. — Early  api^lication  of  accumulator,  34. 
India-Eubber  Pipe  Joints,  Paper  on  Brockedon's  application  of  vulcanised 

india-rubber  to  pipe  joints  (extracts  fi-om  Wicksteed's  report),  1848, 

Oct.,  20, 

H 
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Injector,  very  low  duty  when  merely  raising  water  not  required  to  be  heated, 

1860,  80. 
Iron,  elasticity  of  iron  bar  after  considerable  permanent  extension,  1850, 

Apl.,  12. — Nature  of  fibrous  and  crystalline  iron,  1850,  Jan.,  16. 
Iron  Armour  for  Ships,  mode  of  fastening  plates  by  large  screws  at  edges, 

1862,  .305. 

Locomotive,  Paper  on  Cugnofs  original  invention  of  the  locomotive  steam 

engine  for  common  roads,  1853,  33. 
Locomotive  Boiler,  tendency  to  prime  if  all  steam  had  to  pass  through  two 

openings  into  steam  chamber,  1849,  July,  8. 
Mining  Machinery,  experiments  on  useful  effects  of  blowing  fan,  1859,  39. 
Nasmyth's  Girders,  bos-girder  in  form  of  arch  tied  by  tension  bars  better 

than  parallel  box-girder,  1849,  Oct.,  32. 
Pneumatic  Lift,  steam  might  be  used  for  lift  where  blowing  engine  not  at 

work,  1849,  July,  20. 
Polished  Sheet  Glass,  improved  construction  of  furnace  to  prevent   dirt 

falling  into  glass  pots,  1863,  280. 
Pump,    Horizontal  V,  no  advantage  over  ordinary  pump,  1864,  43. — Air 

liable  to  accumulate,  43. 
Pump  Valves,  importance  of  small  height   of  lift  of  valve,  1858,  25i. — 

Double-ring  metal  valve,  254. 
Pumping  Engines,  Paper  on  two  pair  of  horizontal  pumping  engines,  1858, 

46. — Diagram  of  lift  of  pump  valves,   57, — India-rubber  valves  very 

durable,   if  just   free   on   centre   pin,  59. — Conical   injection  valve  for 

condenser  very  successful,  59. — Importance  of  long  guides  to  double-ring 

valves,  61. 
Pumping  Engines,  double-acting  combined  bucket    and    plunger  pumps, 

1853.  116. — India-rubber  flap- valves  best,  1867,  250.— Compound  engine 

probably  better  than  present  Crossness  engines,  251. — Surface  condenser 

much  preferable  to  present  injection  condenser,  252. 
Railway  Bridge  Piers,  importance  of  sinking  cylinders  as  rapidly  as  possible, 

1863,  29.— Sand-pump  for  sinking  piers  in  sand,  &c.,  29. 

Railway  Carrying  Stock,  importance  of  thick  edges  to  flanges  of  iron  sole- 
bars,  1851,  Jan.,  17. 

Eailway  Chairs,  Paper  on  an  improved  mode  of  moulding  chairs,  1851,  July, 
43. — Kansome  and  May's  process,  44. 

Railway  Sprimrs,  friction  between  plates  of  ordinary  springs  prevents  proper 
action,  1858,  163. 

Regenerative  Gas  Furnace,  very  valuable  as  reheating  furnace,  1862,  44. 

Regenerative  Hot-Blast  Stoves,  Paper  on  some  regenerative  hot-blast  stoves 
working  at  a  temperature  of  1300°  Fahrenheit,  1860,  54, — Stoves  heated 
by  coal  fire,  64. — Cost  of  regenerative  stoves,  70. 
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Rifled-Gun  Manufacture,  tool  for  boring  Lancaster  guns.  1862,  143, 
Eivet-Makins  Machine,  cast  iron  best  for  dies  for  hot  iron,  1861,  217. 
Roof,  Paper  on  the  wrought-iron  roof  over  the  central  railway  station  at 

Birmingham.    1854.    79. — Testing    of    principals,   83. — Adjustment  of 

strain  on  rods,  8.5. — Main  ribs,  85. — Expansion  by  heat,  87. 
Rope  Manufacture,  strength  of  hard  steel  wire,  1862,  208. 
Screwing  Machine,  large  bolts  require  more  than  once  screwing  to  get  clean 

thread,  1861,  237. 
Spooling  Machine,  mode  of  reversing  travel  of  thread  guides  after  winding 

each  layer,  1861,  69. 
Starting  Apparatus,  angle  at  which  conical  clutches  work  without  sticking, 

1848,  Ap].,  14. — Three  expanding  segments  make  best  kind  of  clutch  and 

easily  managed,  1849,  Jan.,  20. 
Steam  Crane,  probably  not  more  economical  than  high-pressure  water  crane, 

1859,  177. 
Steam  Hammer,  cause   of    steadiness  of  Morrison's  hammer,  1855,  16. — 

Importance  of  steam  jacket  to  cylinder,  1860,  289. 
Superheated  Steam,  effect  of  superheating  in  expanding  steam,  1859,  203. 

— Steam  condensed  at  beginning  of  stroke  and  evaporated  again  at  end, 

in  cylinder  without  steam  jacket,  204. — Oil  not  suitable  for  lubricating 

cylinders  with  highly  superheated  steam,  208. — Lubrication  by  slight 

condensation  in  cylinder,  208. 
Surface  Condenser,  horizontal  tubes  not  so  good  as  vertical,  1862,  115. — 

Amount  of  water-current  requisite  to  remove  air-bubbles  from  sides  of 

tubes,  116. — Pitting  of  boilers  probably  due  to  gi'ease,  117. — Prevention 

of  pitting,  118. — Perkins'  condensers,  119. — Boilers  not  con-oded  if  filled 

with  salt  water  at  first,  120. 
Suspension  Bridge,  Paper  on   an  improved  suspension  bridge,  "  Inverted 

Arch,"  1847,  Oct.,  1. 
Telegraph  Machinery,  Siemens'  cable  specially  adapted  to  resist  action  of 

marine  animals,  1867,  42. 
Tool  and  Holder,  gauge  for  angle  of  cutting  edges  of  tools,  1866,  300. 
Ventilating  Fan,  closing  top  of  shaft.  1869,  95. — Particulars  of  experiments 

on  blowing  fans,  96. — Fan  probably  as  good  in  results  as  Lemielle's 

machine,  and  less  complicated,  1858,  68. — Case  should  be  spiral   all 

round,  and  vary  in  pitch,  1871,  71. 
Ventilation  of  Mines,  experiments  on  blowing  fan,  1869, 150.— Spiral  casing 

best,  150. 
"Water  Works.  Glasgow,  success  of  Siemens'  rotary  meters,   1864,   141. — 

Purity  of  Glasgow  water.  142. 
Well- Boring,  means  of  recovering  broken  pump-rod,  1869,  307, 
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Wrought-Iron  Lighthouse,  importance  of  diagonal  bracing,   1861,    26. — 
Diagonal  stays  should  start  from  foundation.  26. 
Cowpee's  Kegenerative  Hot-Blast  Stoves.     See  Hot- Blast  Stoves,  1870,  62. 
Cox,  S.  H.  F.,  elected  Member,  1852,  41.— Re-elected,  1862,  47. 
Cox  and  Wilson's  Steam  Engine.     See  Steam  Engine,  Portable,  1853,  69. 
Ceaddock,  T.,  elected  Member,  1848. 

Boiler  and  Condenser,  Paper  on  a  boiler  and  condenser  suitable  for  extending 
the  Cornish  economy,  and  for  preventing  boiler  explosions,  1848,  Apl., 
5. — Vacuum  obtained  with  condenser.  7. — Loss  of  high-pressure  steam 
from  condensing  in  cylinder,  11. — Advantages  of  condenser  for  marine 
engines,  11. 
Boiler  and  Condenser,  Sujiiflementary  Paper  on  a  boiler  and    condenser 
suitable  for  extending  the  Cornish  economy,  and  for  preventing  boiler 
explosions,  1848,  June,  11. 
Ceaig,  A.,  elected  Member,  1863,  113. 
Ceaig,  W.  G.,  elected  Member,  1853,  8.— Council,  1857,  11. 

Axlebox,   Paper  on  an  improved  axlebox  and  spring  fittings  for  railway 

carriages,  1855,  182. 
Coal-Bm-ning  Locomotive,  tubes  more  durable  with  coal  than  with  coke, 

1858,  290. — Firegrate  with  alternate  bars  raised  above  the  others.  291. 
Feed-Pipe  Connexion,  durability  of  new  connexion,  1857,  101. — Duration  of 

india-rubber  hose  pipes,  101. 
Fuel  Economiser,  Paper  on  an  apparatus  for  economising  fuel,  1857,  196. 
Springs,   Paper   on  improved   india-rubber   springs   for    railway   engines, 
carriages,  &c.,  1853,  45. — India-rubber  not  affected  by  high  temperature, 
55. — Pressui-e  on  india-rubber  springs,  55. — Cost,  56. 
Ceampton,  T.  R.,  elected  Member,  1847. 

Boiler  and  Condenser,  loss  in  expansion  of  steam  in  travelling  from  small  to 

large  cylinder,  1848,  Apl.,  9. 
Boiler  Explosions,   corrosion   of    boiler   can    be   prevented,    1870,   205. — 

Packing  of  cylinders,  to  do  without  grease,  205. 
Boiler,  Mechanical  Firing,  use  of  coal  in  form  of  fine  powder,  1869,  176. — 

Experiments  with  powdered  coal  in  reverberatory  furnace,  177. 
Cambrian  Engine,  objection  from  varying  lengths  for  connecting-rods,  1848, 

Oct.,  14. 
Expansion  in  Locomotives,  working  of  steam-boat  engines,  showing  loss  of 

power  from  condensation,  1852,  129. 
Marine  Engines,  very  little  advantage  in  high-pressure  steam,  1872,  166. — 
Lower  pressures  advisable  for  marine  engines,  167. — With  lower  pressures 
single-cj'linder  engines  better  than  compound,  168. — Great  advantage  of 
steam-jackets,  173. — Superheating  of  steam  not  desirable,  174. 
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Ceane,  Coking,  Paper  on  an  improved  coking  crane  for  suppljdng  locomotive 
engines,  by  J.  Ratusbottom,  1853,  122.  —  Description  of  crane,  122. — 
Saving  in  time  of  loading,  and  number  of  attendants,  123. 

Discussion. — Beyer,  C.  F.,  124. — Cowper,  C,  121,  125. — Downing,  G., 
125. — Gibbons,  B.,  125.  —Lloyd,  Samp.son,  125. — Ramsbottom,  J.,  121, 
125.— "Woodhouse,  H.,  124. 

Crane,  Steam,  Paper  on  a  direct-acting  steam  crane,  by  R,  Morrison,  1859, 
168. — Ordinary  steam  cranes  objectionable  on  board  ship,  168. — 
Description  of  direct-acting  crane,  168. — Piston-packing  and  stuffing-box, 
169.  —  Mode  of  working,  169.  —  Blow-through  valve,  171.  —  Piston  of 
tm'uing-round  cylinder,  171.  —  Modification  of  arrangement,  172. — 
Particulars  of  cost  of  working,  173.  —  Gi'eater  rapidity  of  discharging 
than  ordinary  steam  cranes,  174. 

Discussion. — Anderson,  J.,  176. — Bastow,  S.,  178. — Cowper,  E.  A.,  177, 
178.— Leslie,  A.,  175.— Morrison,  R.,  175,  176,  177,  178.— Penn,  J.,  178. 

Ceake,  Steam,  Paper  on  a  steam  crane,  by  J.  C.  Evans,  1859,  238. — Boiler, 
238. — C3'linder  and  gearing,  239. — Turning  gear,  240. — Valve  motion.  240. 
Discussion.— Covfper,    E.   A.,   241.— Evans,   J.   C,   240,    241,    242.— 
Maudslay,  H.,  241,  242.— Penn,  J.,  242,  243. 

Ceane,  Travelling,  Paper  on  an  improved  steam  travelling  crane,  by 
W.  Fairbairn,  1854,  96.  —  General  arrangement,  96.  —  Description  of 
crane,  97. — Adjusting  tension  of  chains,  98.— Rate  of  working,  98. 

Discussion.— Cowper,  E.  A.,  99, 100.— Dunn,  T.,  99, 100.— Fairbairn,  W., 
99,  100.— Lloyd,  Sampson,  100.— McConnell,  J.  E.,  99. 

Crane,  Travelling,  Paper  on  a  travelling  crane  worked  by  clip-drum  and 
wire  rope,  by  J.  Fernie,  1868,  164. — Description  of  crane,  165. — Rate  of 
driving  of  rope,  165. — Lifting  gear,  166. — Power  required  to  drive  crane, 
167. 

Discussion.— Amos,  C.  E.,  173.— Bram well,  F.  J.,  174. — Carbutt,  E.  H., 
174.— Chapman,  H.,  171.— Clay,  W.,  168.— Cowper;  E.  A.,  168,  170,  171.— 
Fairbairn,  W.,  175.— Fernie,  J.,  168,  171.— Greig,  D.,  169,  170,  172.— 
Reynolds,  E.,  174.— Siemens,  C.  W.,  171.— Walker,  B.,  172,  174. 

Ceane,  Traversing,  Paper  on  the  improved  traversing  cranes  at  Crewe 
Locomotive  Works,  by  J.  Ramsbottom,  1864,  44. — Driving  cord,  44. — 
Overhead  traversers,  45. — Tightening  frame,  45. — Longitudinal  driving 
gear,  46. — Lifting  and  lowering  gear,  47. — Cross  traversing  gear,  48. — 
Traversing  jib  cranes,  49.  —  Lifting  speed,  51.  —  Driving  cords,  52. — 
Slippers,  53. — Worm  wheels,  53. 

Discussion. —  Carbutt.  E.  H.,  58. —  Cowper,  E.  A.,  67,  58. — Fernie,  J., 
55. — Napier,  R.,  54,  55,  56,  57,  58. — Ramsbottom,  J.,  54,  55,  56,  57,  58.— 
Williams,  R.,  56. 
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Crane.  Tubular,  Paper  on  tubular  wrought-iron  cranes ;  with  description 
of  the  sixty-ton  tubular  wrought-iron  crane  recently  erected  at  Keyham 
Dockyard,  Devonport,  by  W.  Fairbairn,  1857,  87. — Description  of  small 
cranes  first  erected,  87. — Experiments  on  deflection  of  jib  under  load, 
89. — Curved  jib  enables  bulky  load  to  be  raised  much  higher  than 
ordinary  straight  jib,  91.  —  Description  of  sixty-ton  crane,  92. — 
Construction  of  jib,  93. — Gearing,  95. — Pedestal,  95. 

ZJiscjfss/ow.— Fairbairn,  W.,  96,  97,  98.— Hawkes,  "W.,  97.— McConnell, 
J.  E.,  96.— Rankine,  W.  J.  M.,  97,  98.— Whitworth,  J.,  98. 

Craven,  J.,  elected  Member,  1871,  262. 

Craven,  W.,  elected  Member,  1866,  264. 

Crawhall,  J.,  elected  Member,  1858,  79. 

Crewe  Locomotive  Works,  Traversing  Cranes.  See  Cranes,  Traversing, 
1864,  44. 

Crippin,  E.  F.,  elected  Member,  1873,  45. 

Criswick,  T.,  elected  Member,  1857,  55. 

Croome,  J.,  elected  Member,  1848» 

Crosby,  S.,  elected  Honorary  Member,  1848,  Apl.,  24. 

Boiler  Tubes,  Green's  solid-drawn  tubes,  1867,  54. — Thickness  of  locomotive 
boiler  tubes,  55. 

Crosland,  R.,  elected  Member,  1848,  Apl.,  23. 

Cross,  J.,  elected  Member,  1865,  101. 

Crossing,  Railway.  See  Axlebox  and  Crossing,  1852, 213. — Railway  Crossing, 
1856.  35. 

Crossley,  J.,  elected  Associate,  1866,  265. 

Crossley,  L.  J.,  elected  Member,  1869,  276. 

Crossley,  W.,  elected  Member,  1871,  117. 

Iron  Manufacture,  Hasmatite,  Paper  on  the  manufacture  of  haematite  iron, 
1871,  118. — Scaffolding  in  furnace  due  to  small  size  of  ore,  186. — Cause 
of  failure  of  high  hematite  furnace,  136.  —  High  haematite  furnaces 
will  probably  prove  successful,  145. 

Crossness  Pumping  Engines.    See  Pumping  Engines,  1867,  236. 

Crow,  G.,  elected  Member,  1863,  57. 

Crowe,  E.,  elected  Member,  1864,  59. 

Crushing  Machine,  Paper  on  Berdan's  crushing  and  amalgamating 
machine,  by  W.  P.  Marshall,  1854,  33. — Occurrence  of  gold  in  different 
countries,  83. — Principles  of  extraction,  84. — Description  of  crusher,  36. 
— Distilling  amalgam,  37. — Separator,  39. — Details  of  cost  of  process,  40. 
Discussion. — Cowper,  E.  A.,  42. — Fairbairn,  W.,  42. — Marshall,  W.  P., 
41.— Slate,  A.,  41.— Stansbury,  G.  F.,  41,  42. -Stirling,  J.  D.  M.,  42. 

Crushing  Machinery  for  Stone.  See  Stone-Crushing  Machinery,  1860, 
234.— 1864,  20. 
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CUBiTT,  B.,  Original  Member,  1847. 
CUBITT,  C,  elected  Member,  1858,  266. 
Cugnot's  Locomotive.    See  Locomotive,  1853,  .S3. 
CULTivATiox.    See  Agricultural. 

CUNLIFFE,  R.,  Elevator  for  Colliery  Drainage,  work  done  by  elevators  of 
various  sizes,  1861.  22.5.  — Elevator  at  Kippax  Colliery,  226.— Height  to 
which  elevator  will  raise  water,  229. 
Screwing  Machine,  sizes  of  machine,  1861,  235.— Durability  of  cutters,  235. 
— Cost  of  machine,  236. — Rate  of  working,  236. 
Cupola,  Paper  on  an  improved  cupola  for  iron  foundries,  by  J.  Eichhorn,  1868, 
89. —  Disadvantages  of  ordinary  cupola,  89. —  Description  of  Krigars 
cupola,  90. — Filling.  91. — Consumption,  91. — Better  metal  produced  than 
with  ordinary  cupola,  92. — Blast,  92. — Repairs,  93. — Loss  of  metal,  93. 

Discussion.— Q\&r\dige,T.,  99.— Cowper,  E.  A.,  95.— Eichhorn,  J.,  98, 
100.— Fernie,  J.,  96.— Hawksley,  T.,  98,  99,  100,  lOl.- Siemens,  C.  W., 
94,  98.— Walker,  C.  C,  96.  98.— Webb,  F.  W.,  95. 
Cupola,  Ireland's.     See  Hoist  and  Cupola,  1856,  49. 
Curtis,  M.,  elected  Member,  1850,  Jan.,  5.— Re-elected,  1865,  218. 
Curvilinear  Shaping-  Machine.    See  Shaping  Machine,  1866,  280, 
Cuss,  N.  J.,  elected  Graduate,  1867,  60. 
CUTTS,  W.,  elected  Member,  1848,  Apl.,  23. 
Cylinders,  Boring  of.    See  Boring  Locomotive  Cylinders,  1848,  Apl.,  3. 
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Dagltsh,  G.  H.,  elected  Member,  1864,  19. 

Plate  Glass  Manufactm-e,  Paper  on  machinery  for  the  manufacture  of  plate 

glass,  1863,  209. 
Daglish,  J.,  elected  Member,  1869,  119. 

Steam  Boilers,  Mechanical  Firing,  Paper  on  the  mechanical  firing  of  steam 

boilers,  1869,  155. — No  advantage  from  using  wheel-flue,  176. 
Daglish,  R.,  Jun.,  elected  Member,  1848,  July,  19. 
Daniel,  E.  F.,  elected  Member,  1866,  103. 
Daniel,  W.,  elected  Member,  1866,  55. 
Danson,  T.  J.,  elected  Member,  1872,  254. 
Darby,  A.,  elected  Member,  1865,  53. 
Dabby,  C.  E.,  elected  Member,  1864,  19. 
Dash-Wheel,  Paper  on  a  steam  dash-wheel  for  bleaching,  by  J.  Wallace,  Jun., 

1856,   239.—  Description  of   dash- wheel,   239. —  Rate   of  rotation,   and 

steam  pressure,  240. — Application  to  bleaching,  240. 
2)i«CMsm».— Fothergill,  B.,  241.— Russell,  J.  S.,  241. 
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Davey,  H.,  elected  Member,  1873,  87. 

Davidson,  J.,  elected  Member,  1865,  101. 

Cartridge  Machinery,  rate  of  production  of  cartridges  at  Woolwich  Arsenal, 
1868,  129. 

Davies,  B.,  elected  Member,  1865.  218. 

Davis,  H.  W.,  elected  Member,  1868,  43. 

Davis,  J.,  elected  Member,  1848,  July,  19. 

Davis,  J.  H.,  elected  Member,  1873,  45. 

Davy,  A.,  elected  Member,  1863,  246. 

Davy,  D.,  elected  Member,  1873,  87. 

Dawes,  G.,  elected  Member,  1849.  Apl.,  32. 

Dawes,  W.  H.,  elected  Member,  1860,  53. 

Dawson,  B.,  elected  Member,  1861,  53. 

Dawson,  C.  H.,  elected  Member,  1848,  Apl.,  23. 

Day,  S.  J.  v.,  elected  Member,  1869.  120. 

Deakin,  W.,  elected  Member,  1862.  20. 

Dean,  W.,  elected  Member,  1868.  20. 

Deane,  J.  H.,  elected  Member,  1857,  201.— Decease,  1862,  3.— Memoir,  14. 

Death,  B.,  elected  Member,  1866,  17. 

De  Bergue,  C,  elected  Member,  1848,  Apl.,  23.— Ke-eleCted,  1857,  201. 
Rivet-Making   Machine,    Paj^er  on   a    rivet-making  machine,   1861,   212. 
Springs,  india-rubber  springs,  action  of,  1850,  Apl.,  21. — Effective  resistance 
of  india-rubber  and  laminated  springs,  22. — Durability  of  india-rubber, 
23. — Table  of  compression  of  india-rubber  springs,  24. 
Station  Buffer,  PajJer  on  a  station  buffer,  1849,  Jan.,  10.— Ordinary  spring 
buffer  could  not  be  regulated  in  resistance,  and  had  recoil  to  contend 
with,  12. — Spring  buffers  much  less  resisting  power,  13. 

Decimal  Measure,  Paper  on  a  standard  decimal  measure  of  length  for 
mechanical  engineering  work,  &c.,  by  J.  Whitworth,  1857,  134. — 
Measurement  by  sight  not  sufficiently  accurate,  135. — Effect  of  lubrication 
on  well-fitted  gauges,  136. — Allowance  for  oil  in  fitting  machinery,  137. 
Proving  guns  by  measurement,  138. — Proposed  decimal  screw  and  wire 
gauge,  140. 

Discvsswn.—K9.ion,  147.— Clift,  J.  E.,  147.— Crampton,  T.  E.,  144.— 
Dodds,  I.,  148.— Dyer,  G.,  142,  146.— Fairbairn,  W.,  142, 147.— Fox,  Sir  C, 
143,  147.— Kenned)',  Col.,  147.— Maudslay,  H.,  145.— McConnell,  J.  E., 
143, 144,  147.— Rankine,  W.  J.  M.,  147.— Whitworth,  J.,  142,  145, 

Adjourned  Discnssion.—F&ivhmn,  W.,  227,  228,  230.— Fenton,  J.,  228. 
— Inshaw,  J.,  229.— McConnell,  J.  E.,  228,  229.— Ross,  J.,  229. 
Resolution  to  adopt  decimal  scale,  the  inch  being  divided  into  one  thousand 
parts,  1857,  148. — Resolution  for  committee  to  carry  out  decimal  system 
of  measure,  228, 
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Decimal  Measure,  Paper  on  the  application  of  the  decimal  system  of 
measurement  to  mechanical  engineering  work,  &c.,  by  J.  Fernie,  1859, 
110. — Importance  of  introducing  a  decimal  system  of  measurement,  110, 
— Objections  to  metre  as  standard,  112. — Means  of  verifying  inch  and 
metre,  113, — Inconvenience  from  number  of  different  wire-gauges  in  use, 
114.  —  No  difficulty  in  -working  to  1-lOOOth  inchj^llS.  — Measuring 
machines  with  sliding  wedge  or  spiral,  115.— Whitworth's  measuring 
machine  with  screw,  116. — Graduation  of  hand-wheel,  117. — Importance 
of  having  a  means  of  justifying  templates,  &c.,  118. — Use  of  decimal 
rules  in  workshops,  119, 

i>wc««sfoA,— Brown,  R.,  128.— Cocker,  J.,  124,  125.— Fernie,  J.,  127, 
128.— Markham,  C,  129.— Maudslay,  H.,  128,— Smith,  I.,  132.— Smith,  il., 
131.— Whitworth,  J.,  121,  125,  129,  130,  132, 

Decimal  Measube,  Paper  on  the  application  of  the  decimal  system  of 
measurement  in  boring  and  turning  wheels  and  axles,  by  J.  Fernie, 
1860,  223,— Variation  amongst  gauges  for  wheel-boss  aud  axle,  223,— 
Experiments  on  various  degrees  of  tightness  of  wheel  on  axle,  223.— 
Allowance  for  shrinkage  in  cranks,  crossheads,  &c.,  226. — Whitworth's 
decimal  measuring  machine,  227.— Graduation  of  hand- wheel,  227, — 
Mode  of  making  duplicates  of  gauges,  228, 

i?isc?«sifl«,— Barber,  J.,  231, 233.— Cochrane,  J.,  233.— Dunn,  T.,  232.— 
Fernie,  J,,  229,  232,  233.— Kennedy,  J.,  233.— Markham,  C,  230.— 
Siemens,  C.  W.,  230,  231, 

Decimal  Measure,  Inch  and  Metre,  Paper  on  the  relative  advantages  of  the 
inch  and  the  metre  as  the  standard  unit  of  decimal  measure,  by  J.  Fernie, 
1865,  21.— Desirability  of  decimal  system,  21.— Requirements  of  standard 
of  measure,  22,— Basis  of  metre,  and  of  inch,  23.— Whitworth's  contact 
measurements,  25.— Advantages  of  inch  for  decimal  subdivision,  26.— 
Extent  of  use  of  inch  and  of  metre,  29.— Difficulty  of  changing  inch  to 
metre  system,  31.— Relation  of  weights  to  measures,  32.— General 
conclusions,  32, 

2>isc«ssiort,— Fellows,  F.  P.,  39.— Fernie,  J.,  34,  50,— Heywood,  J..  44. 
—Levi,  L.,  48,— Napier,  R.,  35,  51,— Russell,  J.  S.,  46.— Siemens,  C.  W.,  42. 
—Yates,  J.,  35, 

Dees,  J,,  elected  Member,  1858,  45. 

Dempsey,  W.,  elected  Member,  1858,  45. 

Denny,  W.,  elected  Member,  1848,  July,  19. 

Dent,  E.  J.,  elected  Member,  1849,  Apl.,  32. 

Denton,  C,  elected  Member,  1848,  Apl.,  23, 

Denton,  J,  P.,  elected  Member,  1872,  75. 

Derham,  J.  J.,  elected  Member,  1868,  103. 

Dewhubst,  J.,  elected  Member,  1864,  59. 
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Dewhurst,  J.  B.,  elected  Associate,  1867,  60. 

DiRCKS,  H.,  elected  Member,  1865,  218. 

DiEECT- Acting  Marine  Engine.     See  Marine  Engine,  1856,  1.59. 

Disintegrator,  Paper  on  the  disintegrating  flour  mill  and  machine  for 
pulveri  sin  "minerals  &c.,  without  grinding,  crushing,  or  stamping,  by 
T.  Carr,  1872,  28. — Principle  of  action  of  machine,  28. — Description  of 
disintegrating  flour  mill,  29. — Diagram  of  action  of  disintegrator,  31. — 
Advantages,  31. — Disintegrators  working  at  Bonnington  Mills,  32. — 
Economy  of  disintegrator  in  value  of  flour  produced,  33. — Improved 
form  of  machine,  34. — Mineral  disintegrator,  speed  of  working,  35. — 
Cleaning  of  beaters,  35. — Applications  of  disintegrator,  36. 

Biscusskm.—'Bramwen,  F.  J.,  40,  47,  51,  52.— Carbutt,  E.  H.,  39,  51.— 
Carr,  T.,  37,  38,  39,  43,  44,  45,  46,  48,  49,  50,  51.— Cowper,  E.  A„  43,  47, 
52. — Greenwood,  T,,  45,  50. — Lloyd,  Sampson,  48.^Paget,  A.,  46. — Perks, 
J.  H.,  40.— Siemens,  C.  W.,  38,  48,  49,  52.— Webb,  F.  W.,  45. 

Dixon,  E.,  elected  Member,  1851,  Oct.,  28. 

Dixon,  J.,  elected  Member,  1859,  13. 

Dixon,  T.,  elected  Member,  1861,  211. 

DoBSON,  B.,  elected  Member,  1865,  53. 

Dobson,  B.  a.,  elected  Member,  1872,  254. 

DOBSON,  R.  J.  C,  elected  Graduate,  1873,  251. 

Dock,  Floating,  Pajjer  on  floating  docks,  and  other  arrangements  for  affording 
access  to  ships  for  external  repairs,  by  F.  J.  Bramwell,  1867,  80.— 
Careening,  80. — Graving  dock,  81. — Belidor's  double  graving  dock,  82. — 
Hauling  up  ships  out  of  water  ;  Morton's  slips,  83. — Contrivances  for 
shortening  slip,  84. — Direct  lifts,  Mitchell's,  86. — American  screw  lift, 
87.— Mallet's  parallel- sling  lift,  87.— Clark's  hydraulic  lift,  88.— Floating 
docks,  89.— Sectional  floating  dock,  90. — Balance  or  box  dock,  91. — ■ 
Floating  dock  for  island  of  St.  Thomas,  95. — Engines  and  machinery,  99. 
Bisctission^—BrumweW,  F.  J.,  106, 109, 110.— Clay,  W.,  108.— Mallet,  R., 
105,  110.— Penn,  J.,  112.— Siemens,  C.  W.,  108.- Thomson,  R.  W.,  107. 

DOCKRAY,  R.  B.,  elected  Member.  1850,  Jan.,  5. 

DODDS,  I.,  Safety  Escape  Pipe,  deterioration  of  ordinary  lead  plugs  after  long 
working,  1857,  182. 
Steel  Manufacture,  durability  of  steeled  rails,  1857,  170. 

DODDS,  T.  W.,  elected  Member,  1854,  49. 

Steel  Manufacture,  Paper  on  improvements  in  steel  manufacture,  and  its 
application  to  railway  and  other  purposes,  1857,  162. — Wheel  tyres  and 
rails  partially  converted,  168. — Wrought-iron  files  converted,  169. 

DoDMAN,  A.,  elected  Member,  1868,  103. 

DoMViLLE,  C.  K.,  elected  Member,  1865,  101. 

DONKIN,  B.,  Jun.,  elected  Member,  1873,  250. 
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Double-Cylinder  Engines.    See  Compouud  Engines. 

Douglas,  C.  P.,  elected  Member,  1865,  101. 

Douglas,  G.,  elected  Member,  1857,  11. 

Douglas,  R.,  Valve  Gear,  Corliss  gear  very  durable,  1868,  190.— Very  prompt 
action  of  governor,  191. 

Dove,  G.,  elected  Member,  1857,  55. 

Dove,  G.,  Jun.,  elected  Member,  1873,  45. 

Dovetailing  Machine,  Paper  on  the  American  dovetailing  machine,  by 
J.  Robinson,  1868,  81, — Arrangement  of  savrs,  81. — Change  from  cutting 
pins  to  cutting  holes,  82. — Saws,  83. — Traversing  the  wood,  83. — 
Adjustment  for  thickness  of  saw  cuts,  84. — Cutting  concealed  dovetails, 
85. — Working  speed,  86. 

Discussion. — Chapman,  H.,  86. —  Cowper,  B.  A.,  86. — Hawksley,  T., 
86,  87,  88,— Robinson,  J.,  86,  88. 

DOWLAIS  IKONWORKS  ENGINES,  Paper  on  the  large  blowing  engine  and  new 
rolling  mill  at  Dowlais  Iron  Works,  by  W.  Menelaus,  1867,  112. — 
Blowing  engine,  cylinders  and  valves,  112. — Beam,  113, — Rolling  mill 
engines,  113, — Arrangement  of  rolls  for  working  in  both  directions,  115. 
Z»isc?mt-w.— Cochrane,  C,  116,  117,  118.— Fairbairn,  W.,  116,  117, 
118.— Jones,  E,,  115,  — Maudslay,  H.,  116.  — McConnell,  J.  E.,  115.— 
Menelaus,  W.,  116,  117,  118. 

Dowses,  J.  C,  elected  Graduate,  1867,  60. 

Downey,  A.  C,  elected  Member,  1866,  264. 

Downie,  J.,  Foundry,  Paper  on  an  iron  construction  of  foundry,  and  an 
improved  process  of  moulding  pipes  and  hollow  cast  ware,  1856,  165. — 
Cost  of  building,  170. — Swing  cranes  preferred  to  travelling  cranes,  170. 

Downing,  G.,  elected  Member,  1851,  Jan.,  8. 

Downing,  S.,  elected  Honorary  Life  Member,  1865,  219. 

Rock-Boring  Machine,  rate  of  boring,  1865,  192.— Cost  of  machine,  193, 

Dredgers,  Clyde,  Paper  on  the  construction  and  results  of  working  of  the 
large  steam  dredgers  on  the  Clyde,  by  A.  Duncan,  1864,  147.— Particulars 
of  enlarging  the  channel  of  river,  147.— Double  dredgers,  148,— Friction 
wheels,  151.— Bucket  frames,  151.— Process  of  dredging,  152. — Durability 
of  working  parts.  154.— Cost  of  dredging,  155.— Disposal  of  spoil, 
155. — Large  dredger,  156. 

Discussion.— ^Sxck.&\,  J,  J.,  161,— Marshall,  W,  P.,  160.— Maudslay,  H., 
160.— Napier,  R.,  158,  161.— Newton,  W.  E,,  159.— Shepherd,  J.,  160.— 
Simons,  W.,  157,  158. 

Dredgers,  Suez  Canal,  Paper  on  the  steam  dredgers  employed  in  the 
excavation  of  the  Isthmus  of  Suez  Canal,  by  P.  Borel,  1867,  192. — 
Recent  retreat  of  the  Mediterranean  and  Red  Seas,  192,— General  nature 
of  ground,  192,— Course  of  canal,  198.— Dredgers,  194.— Dredgers  with 
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Dbedgebs,  Suez  Canal  (continued). 

extra-long  shoots,  196. — Elevators  for  spoil-trucks,  199.  —  Conveying 
dredgers  to  working  place,  201.  —  Excavation  of  canal  through  high 
ground,  202.  —  Lighters,  203.  —  Repairs,  205.  —  Manner  of  passage  of 
different  sorts  of  spoil  down  shoots,  205. 

Bisciission.—'BeELumont,  Capt.  F.,  215.— Borel,  P.,  207,  214,  215,  216, 
217.— Cochrane,  C,  214.  — Mallet,  R.,  216,  217.  — Penn,  J.,  207,  214.— 
"Williams,  R.  P.,  215. 

Dredging  Ladder,  Paper  on  an  improved  ladder  for  dredging  machines,  by 
M.  Scott,  1856,  217. — Failure  of  timber  ladders,  217. — Description  of 
improved  ladder,  218. — Advantages,  219. 

Z»isc?/ssio;i.— Fairbairn,  W.,  220.— Scott,  M.,  220.— Whitworth,  J.,  220. 

Drilling  Machine,  Paper  on  a  double-traversing  drilling  and  grooving 
machine,  by  T.  Forsyth,  1856,  108. — Description  of  machine,  108. — Feed 
motion,  108. — Drills,  109. — Dimensions  of  largest  machine,  110. 

Discussion. — Batho,  W.  F.,  112. — Forsyth,  T.,  111. — Lloyd,  Sampson, 
111,  112.— Siemens,  C.  W.,  112. 

Drilling  Machine,  Paper  on  a  machine  for  drilling  instead  of  punching 
wrought-iron  plates,  by  J.  Cochrane,  1860, 201. — Description  of  machine, 
201. — Pressure  on  drills  given  by  accumulator,  202. — Arrangement  of 
shafts  and  drill  spindles,  202. — Spring  buffers  to  relieve  pressure  when 
drills  are  nearly  through  plate,  203. — Working  pressure  on  each  drill  ; 
speed  of  drilling,  204. 

Z>f>«ssi<m.— Cochrane,  J.,  205,  206,  207,  209,  210.— Cowper,  E.  A., 
208.— Dunn,  T.,  206.— Femie,  J.,  207.— Hurry,  H.  C,  208.— Kennedy,  J., 
210.— Little,  C,  210.— Markham,  C,  206,  209.— Richardson,  W.,  206,  209. 

Dru,  L.,  Weil-Boring,  Paper  on  the  machinery  for  boring  artesian  wells,  1867, 
174. — Disengaging  rod  for  tools  of  large  diameter,  182. — Unscrewing 
couplings  of  broken  rod  in  bore-hole,  183. — Cost  of  Paris  borings,  183. — 
Rope  boring  not  successful  in  France,  186. — Boring  through  running 
sands,  189. — Tool  for  inclined  hard  surface,  190. — Wax  impression  of 
broken  rod,  191. 

Dry-Clay  Brick  Machinery.     See  Brick  Machinery,  1859,  42. 

Dublin  Summer  Meeting,  1865,  101. 

Water  Works.     See  Water  Works,  Dublin,  1865,  201. 

DiJBS,  H.,  Original  Member,  1847. 

DUCLOS  DE  Boussois,  E.,  elected  Member,  1853,  8. 

Iron  Manufacture,  doubtful  whether  zinc  alloys  Avith  iron,  1853,  28. 

Dudgeon,  J.,  elected  Member,  1856,  79. 

Dudgeon,  W.,  elected  Member,  1856,  79. 

Dugard,  W.  H.,  elected  Graduate,  1868,  43. 

Duncan,  A.,  Steam  Dredgers,  Paper  on  the  construction  and  results  of  working 
of  the  large  steam  dredgers  on  the  Clyde,  1864,  147. 
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Duncan,  T.,  Water  Works,  Liverpool,  Paper  on  the  mechanical  features  of  the 
Liverpool  Water  Works,  1863,  167. — Durability  of  gutta-percha  valves, 
186. — Bored  and  turned  joints  for  mains,  186. — Flanged  joints  no  longer 
used  for  mains,  188. — Double-cylinder  water  meter,  190. 

DuNLOP,  J,  M.,  elected  Member,  1857,  232. 

DUNLOP,  J.  W.,  elected  Member,  1870,  19. 

Dunn,  T.,  elected  Member,  1854,  110. 

Boiler,  Paper  on  a  new  duplicate  retort  steam  boiler,  1855,  191. 

Boiler,  Paper  on  an  improved  construction  of  upright  steam  boilers,  1857, 

130, 
Crane,  length  of  travel  of  improved  steam  travelling  crane,  1854,  99. — 
Cost,  99.— Weight,  99. 

Dunn,  T.  E.,  elected  Member,  1864,  121. 

DUTTON,  C,  elected  Member,  1861,  14. 

Duty  of  Steam  Engines.    See  Engine  Duty. 

Dynamite  for  blasting  in  wet  ground,  1873,  100. 

Dynamometer,  Paper  on  a  new  dynamometer  and  friction  break,  by  W. 
Froude,  1858,  92. — Machines  to  be  tested,  classified  as  power-consuming 
or  power-supplying,  92. — Belt  dynamometer,  principle  of  action,  93. — 
Description  of  belt  dynamometer,  94.— Self-recording  apparatus,  95. — 
Particulars  of  trials,  98. — Friction  dynamometer,  100. — Experiments  on 
friction  of  belts  on  drums  of  small  and  large  diameter,  102. — Friction  of 
belts  on  drums  with  variable  arc  of  contact,  105. — Description  of  Imray's 
break  dynamometer,  107. — Belt  lined  with  wood  answers  best,  109. 

i?WCT«m«.--Bach,  R.,  115,  117.— Froude,  W,,  111,  112,  114,  115,  116, 
117.— Maudslay,  H.,  110.— Penn,  J.,  112,  116,  116,  117.— Siemens,  C.  W., 
113,  116. 

Dyson,  G.,  elected  Member,  1860,  13, 

Dyson,  R.,  elected  Member,  1865,  218. 

E. 

Bales,  W.,  elected  Member,  1853,  45. 
Earnshaw,  W.  L.,  elected  Member,  1869,  276. 
Eassie,  p.  B.,  elected  Member,  1859,  53. 

Pile  Driver,  Paper  on  an  improved  steam  pile-driver  with  endless  chain, 

1867,  255.— Working  of  telescopic  pile-driver,  263. — Cost  of  working, 

264. — Rate  of  working,  265. 
Easton,  E.,  elected  Member,  1858,  266. 

Engines,  Portable,  for  Mining,  particulars  of  experiments  on  evaporative 

duty  of  Cornish  boilers,  1873,  186.— Double-flued  Cornish  boiler  best  for 

stationary  purposes,  1873,  187, 
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E ASTON,  E.  (continued). 

Scraper  for  Torquay  Water  Works,  scraper  also  used  at  Barrow,  1873,  230. 
— Composition  to  prevent  incrustation  in  pipes,  231. — Large  amount  of 
stuff  scraped  off,  231. 

E ASTON,  J.,  elected  Member,  1867,  18. 

Eastwood,  J.,  elected  Member,  1856,  79. 

Eaton,  E.,  Aero- Steam  Engine,  Paper  on  the  Warsop  aero-steam  engine,  1870, 
229. — Entire  absence  of  incrustation,  even  with  very  saline  water,  237. — 
Prevention  of  priming  under  severe  test,  238. — No  solid  matter  passes 
into  cylinder,  238.— Amount  of  gain  from  use  of  air-injection,  242. 

Eaton's  Coke  Ovens.    See  Coke  Ovens,  1861,  72. 

Eddison,  E.  W.,  elected  Member,  1868,  103, 

Edmunds,  H.,  appointed  Treasurer,  1855,  6. 

Edmunds,  J.  S.  W.,  elected  Graduate,  1873,  25. 

Edwards,  E.  J.,  elected  Member,  1871,  21. 

Edwakds,  J.,  Centrifugal  Pump,  particulars  of  working,  1852,  108. 

Egleston,  T.,  Jun.,  elected  Member,  1859,  247. 

ElCHHORN,  J.,  Cupola,  Pai)er  on  an  improved  cupola  for  iron  foundries, 
(Krigar's,)  1868,  89. — Reduction  in  waste  of  iron,  98. — Calculation  of 
quantity  of  blast,  100. 

Ejector  Condenser.     See  Condenser,  Ejector,  1872,  256. 

Elce,  J.,  elected  Member,  1866,  264. 

Elder,  D.,  elected  Member,  1848,  Apl.,  23, 

Elder,  J.,  elected  Member,  1862,  20. 

Elevator,  Colliery  Drainage,  Papier  on  an  application  of  Giffard's  injector 
as  an  elevator  for  the  drainage  of  colliery  works,  by  C.  W,  Wardle,  1861, 
220, — Arrangement  of  elevator  in  pit  workings,  220. — Description  of 
elevator,  220. — Depositing  box  to  free  steam  from  water,  221, — Steam 
pipe  from  boiler,  222, — Particulars  of  working,  223. — Suggestions  for 
application  of  elevator,  223. 

Discussion.— Q,o\^^^QX,  E.  A.,  228,  229.— Cunliffe,  R.,  225,  226,  229.— 
Haden,  W.,  226.— Lloyd,  Sampson,  224,  227,  230.— Lloyd,  Samuel,  226.— 
Marshall,  W.  P.,  228.— Siemens,  C.  W.,'227,  229.— Smith,  M.,  229,  230,— 
Tomlinson,  J.,  230.— Wardle,  C.  W.,  226,  229.— Woods,  H.,  229. 

Elevator,  Eailway  Carriage.  See  Eailway  Carriage  Elevator,  1848, 
Oct.,  17. 

Elliot,  Sir  G.,  elected  Member,  1859,  13. 

Telegraph  Machinery,  Paper  on  the  payiug-out  and  pickiug-up  machinery 
employed  in  laying  the  Atlantic  telegraph  cable,  1867,  20, 

Elliot,  W.,  elected  Member,  1865,  53. 

Elliott,  H.  W.,  elected  Member,  1869,  77. 

Ellis,  S.,  elected  Member,  1847. 
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Elgin's  Safety  Lamp.     See  Safety  Lamp,  1851,  Oct.,  23. 

Elsdon.  R.,  elected  Member,  1870,  228. 

Elwell,  a.,  elected  Member,  1869,  20. 

Elwell,  E.,  elected  Member,  1849,  ApL,  32.— Decease,  1858,  2. 

Elwell.  T.,  elected  Member,  1860,  89. 

Elwell.  W.,  elected  Honorary  Member,  1848. 

E>'DLESS-Chai>'  Pile-Dbiver.     See  Pile  Driver,  1867,  255. 

Engine  Counter,  Paper  on  an  improved  engine  counter,  by  J.  Richmond, 

1849,  Jan.,   14. — Simplicity  and  certainty  of   action,  however  rapidly 

worked,  14. — Dials  checked  by  one  another,  15.  -  Reduced  expense,  15. 
Discussion.  —  Fothergill,    B.,    16.  —  McConnell,    J.    E.,    15,    16.— 

Ramsbottom,  J.,  15. — Richmond,  .J.,  15,  16. — Slate.  A.,  15. — 'Whitworth,  J., 

16. 
Engine  Duty,  Comish,  table  of,  1873.  200.— Falling  ofE  in  duty,  97,  190.— 

Example  of  very  high  duty,  190. — High  duty  of  good  portable  engines, 

183. — Duty  of  portable   and  Cornish  engines,  193. — Stamping  engines, 

189. 
Engine  Shed,  Paper  on  the  locomotive  engine  shed  and  turntables  at  the 

Gateshead  Station,  by  E.  Fletcher,  1858,  256. — Arrangement  of  polygons 

grouped  together,  256. — Roof,  257. — Engine  turntables,  258. 
Discussion. — Armstrong,  W.  G.,  259. — Cowper,  E.  A.,  259. 
Engine  Shed.     See  "Workshops,  Locomotive,  1851,  Jan.,  22. 
Engines,  Aero-Steam.     See  Aero-Steam,  1870,  239. 
— Agricultural.    See  Agricultural. 
— AiE.     See  Air,  1856,  145.-1873,  63. 
—Allen.     See  Allen,  1868,  50. 
— Atlas.     See  Locomotive,  1847,  Nov.,  3. 
— Blowing.     See  Blowing,  and  Dowlais. 
— Cambrian.     See  Locomotive,  1848,  Oct.,  13. 
— Compound.     See  Blowing,  Compound,  and  Marine. 
— Compressed- Air.     See  Air,  1856,  145. 
— Condensing.    See  Condensing. 
— Cornish.     See  Pumping. 

Piston  speed,  1873,  198.— Friction,  182,  198. 
— Double-Cylinder.    See  Compound, 
— Expansion.     See  Expansion. 

^Express.     See  Locomotive,  1848,  June,  8.-1849,  Apl.,  8. 
— Heated-Air.    See  Air,  1873,  63. 
— High-Pressure.     See  High-Pressure. 
— Hydraulic.    See  Hydraulic. 
— Locomotive.    See  Locomotive. 
— Marine.    See  Marine. 
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Engines,  Pendulous.    See  Pendulous,  1851,  Oct.,  4. 

— PoETABLE.     See  Agricultural,  Portable,  and  Mining. 

— Pumping.     See  Compound,  and  Pumping. 

— Eeciprocating,     See  Reciprocating,  1850,  July,  26. 

— EoTAEY.     See  Eotary,  1848,  July,  3. 

— Water-Woeks.    See  Pumping. 

— Winding.     See  "Winding. 

Engineering  Tools,  Heavy.    See  Tools,  1864,  189. 

England,  G.,  elected  Member,  1853,  8. 

England's  Safety  Mine  Apparatus.    See  Safety  Mine  Apparatus,  1854,  57. 

Equatorial  Motion  for  Telescopes.    See  Telescope,  1855,  137. 

Escape  Valve,  Paper  on  an  escape  water  valve,  and  a  governor  for  marine 
steam  engines,  by  R.  Waddell,  1853,  117. — Damage  done  by  water  in 
cylinder,  117. — Descrii^lion  of  escape  water  valve,  118. — Racing  of 
marine  engines  in  heavy  sea,  119. — Marine-engine  governor,  120. 

Discussion— '^&^QX,  C.  F.,  121,  122.— Clift,  J.  E.,  121.— Cowper,  C, 
121,— Gibbons,  B.,  121.— Ramsbottom,  J.,  121. 

ESSON,  W.,  elected  Member,  1861,  109. 

Etienne,  a.,  elected  Member,  1864,  121. 

Evans,  D.,  elected  Member,  1848,  Apl.,  23. 

Evans,  J.,  elected  Member,  1850,  Apl,,  30. 

Evans,  J.  C,  elected  Member,  1857,  11. 

Steam  Crane,  Paper  on  a  steam  crane,  1859,  238. — Successful  working  of 
cranes,  240. — Height  of  lift,  and  cost  of  crane,  241. — Engine  kept  moving 
slowly  when  out  of  gear,  241. — No  irregularity  of  action  with  one  small 
cylinder  running  quickly,  242. 

Evans,  T.,  Ventilating  Fan,  Guibal  fan  very  effective,  1869,  91. — Waddle  and 
Rammell  fans,  92. 

Evaporating  Apparatus  for  Sugar,     See  Sugar  Evaporator,  1856,  179. 

EvAPOEATiNG  POWER  of  Tubes,  Paper  on  the  relative  evaporating  power  of 
brass  and  u-on  tubes,  by  G,  Tosh,  1857,  119. — Brass  tubes  generally 
preferred  for  locomotives,  119.  —  Description  of  experimental  boilers, 
120. — Results  of  experiments,  121. 

Discission.  —  Craig,  W.  G.,  124.  —  Fairbairn,  W.,  124.  —  Hawkes,  W., 
124,— Johnson,  W,  B.,  121,  122.— Maudslay,  H.,  124.— McConnell,  J.  B., 
121,— Rankine,  W.  J.  M.,  122.— Roberts,  R.,  123.— Siemens,  C.  W.,  123.— 
Tosh,  G.,  121,  122. 

EVERITT,  G.  A.,  elected  Member,  1848,  Apl.,  23, 

Boiler  Tubes,  Paper  on  the  composition  and  durability  of  locomotive  boiler 
tubes  in  reference  to  coal-burning,  1867,  46. — Process  of  testing  best- 
selected  copper,  52,— Quality  of  best-selected  copper  much  deteriorated,  54, 
Surface  Condensers,  brass  tubes  best  for  surface  condensers,  1863,  160. 
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EvEBiTT,  W.  E.,  elected  Member,  1864,  121. 
EvEES,  F.,  elected  Member,  1865,  101. 
Excursions,  Birmingham,  1860,  176,  247. 
Cornwall,  1873,  152,  233. 
Dublin,  1865,  164,  215. 
Glasgow,  1856,  247.-1864,  187,  265. 
Leeds,  1859,  194,  243.— 1868,  162,  208. 
Liverpool,  1863,  192,  242.— 1872,  186,  240. 
London,  1862,  145,  209,  312. 
Manchester,  1866,  128,  261. 
Middlesbrough,  1871,  181,  257. 
Newcastle,  1858,  175,  260.— 1869,  182,  274. 
Nottingham,  1870,  168,  226. 
Paris,  1867,  230. 
Sheffield,  1861,  170,  208. 
Exhibition  of  1862,  Locomotives.     See  Locomotive  Engines,  1863,  78. 
Expansion  Engine,   Paper  on  a  continuous  expansion   steam  engine,   by 
J.  Samuel,  1852,  27. — Difficulty  of  carrying  out  expansion  in  ordinary 
engines,  27. — Description  of  expansion  locomotive,  29. — Consumption  of 
coke  compared  with  ordinary  engines,  30. — Variation  of  power  throughout 
stroke  in  different  engines,  31. 

Discussion.— Jones,  E.,  34.— McConnell,  J.  E.,  34. — Peacock,  E.,  34. 
Expansion  Engine,  Supplementary  Paper  on  a  continuous  expansion  steam 
engine,  by  J.  Samuel,  1852,  41. — Limit  to  expansion  in  ordinary 
locomotives,  42. — Duty  obtained  from  steam  in  various  engines,  43. — 
General  results  of  application  of  continuous  expansion  principle  to 
stationary  engines,  46. 

Discussion. — Clark,  D.  K.,  50. — Cow^jer,  E.  A.,  52.— Jones,  E.,  48. — 
McConnell,  J.  E.,  48,  49,  50.— Samuel  J.,  48,  49,  51,  52.— Slate,  A.,  51.— 
Stephenson,  E.,  47,  48,  49,  50,  52. 
Expansion  Engine,  Paper  on  a  direct-acting  expansive  steam  engine,  by  T.  T. 
Chellingworth,  1858,  276. — Principle  of  construction,  296. — Description 
of  engine,  297. —  Starting  valve,  297. 

Discussion.  — ChQWmgviovi'h.,  T.  T.,  298,  299.  -  Clift,  J.  E.,  298.— 
Fothergill,  B.,  298.— Inshaw,  J.,  299.— Maudslay,  H.,  298.— Smith,  I., 
299.— Smith,  W.,  298. 
Expansion,  Locomotives,  Paper  on  the  expansive  working  of  steam  in 
locomotives,  by  D.  K.  Clark,  1852,  60. — Necessity  of  high-pressure  steam 
in  locomotives,  61. — Action  and  capabilities  of  link  motion,  62. — 
Distribution  of  steam,  63. — Conclusions  from  trials  of  locomotive  with 
shifting  link,  65. — Stationary  link,  65. — Power  lost  by  exhausting  before 
stroke  is  completed,  67. — Wire-drawing  by  link  motion,  68.—  Compression 
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of  exhaust  steam,  68. — Bnck  exhaust  pressure  at  high  speeds,  70. — 
Efficiency  of  steam  worked  expansively  by  link  motion,  71. — Table  of 
results  fi'om  indicator  diagrams,  72. — Consumption  of  water  and  fuel, 
74. — Efficiency  of  expanded  steam  in  actual  practice,  77.  — Effective 
mean  pressure,  78. — Table  of  do.,  80. — Consumption  of  fuel  with  gab- 
motion  and  link  motion,  81. — Consumption  of  water  with  do.,  82. 

Biscvssioti.—ClaY^i.  D.  K.,  83,  87.— Cowper,  E.  A.,  85,  86.— McConnell, 
J.  E.,  8.S.— Slate,  A.,  84.— Stephen.son,  R.,  83,  84,  86,  88. 

Expansion,  Locomotives,  Siipplementary  Paper  on  the  expansive  working 
of  steam  in  locomotive  engines,  by  D.  K.  Clark,  1854,  109. — Condensation 
of  steam  in  cylinder  by  exposure,  109. — Evidence  of  expansion  line  of 
indicator  diagrams,  109. — Evidence  of  condensation  in  cylinder,  111. — 
Inside  cylinders  generally  better  protected  than  outside,  113. — Tables  of 
expaiision  and  water  equivalents  of  steam  in  cylinders  of  different 
engine.?,  115. — Percentage  of  condensation,  117. — Abstract  of  working 
of  passenger  engine,  121. — Excess  of  water  consumed  over  that  as 
sensible  steam,  122. — Evidence  from  proportions  of  valve  gear,  124. — 
Conditions  for  efficiency  of  expansion  in  locomotives,  126. — Superheated 
steam,  127. 

Bhcussion.—^ovxW,  G.  H.,  130.— Puckle,  W.,  128,  129.— Clark,  D,  K., 
129,  130.— Cowper,  E,  A.,  130.— Crampton,  T.  R.,  128,  129,  130.— 
Peacock,  R.,  130.— Whytehead,  W.  K.,  130. 

Expansion,  Marine  E.vgin'es.     See  Marine  Engines,  1855.  59,  97. 

Expansion,  Steam,  Paper  on  the  expansive  action  of  steam,  and  a  new 
construction  of  expansion  valves  for  condensing  steam  engines,  by 
W  Fairbairn,  1849,  July,  21. — Valves  worked  originally  by  plug-rod, 
and  by  revolving  tappets,  22.  —  Economy  of  expansive  working  only 
recently  understood  in  manufacturing  districts,  22. — Prejudice  against 
high-pressure  steam  in  manufacturing  districts,  23. — Comparative  value 
of  single  and  double-cylinder  engines,  24. — Revolving  tappets  too  slow 
for  efficient  expansive  action,  25. — Ordinary  equilibrium  valves  at  too 
great  distance  from  cylinder,  26. — Description  of  improved  apparatus, 
26. — Series  of  cams  with  rollers  to  vary  the  expansion,  27. — Certainty 
and  quickness  in  opening  and  closing  of  valves,  28. 

i)^,<;c/^M/o/l.— Beyer.  C.  F.,  28,  30.— Cowper,  E.  A.,  29.— Gibbons,  B., 
29.— McConnell,  J.  E.,  28,  29,  30.— Slate,  A.,  29,  30,  31.— Smith,  W.,  28, 
29.  30, 

Expansion,  Steam,  Paper  on  the  expan^^ion  of  isolated  steam,  and  the  total 
heat  of  steam,  by  C.  W.  Siemens,  1852,  131.— Total  quantity  of  heat  in 
steam  according  to  early  observers,  132. — Regnault's  disproval  of  Watt's 
law  corroborated,  133. — Apparatus  for  testing  total  heat  of  steam,  134. — 
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Apparatus  for  experiments  on  expansion  of  isolated  steam,  135. — 
Expansion  curve,  136.  —  Eate  of  expansion  greatest  near  point  of 
saturation,  136. — Eate  diminishes  in  hyperbolic  curve  towards  asymptote 
representin<r  expansion  of  permanent  gases,  13fi. — Expanded  steam  is 
supei'hpnted  steam,  138. — Cooling  effect  of  jet  of  hitrh-pressure  steam, 
138. — Table  of  experiments  on  expansion  of  isolated  steam,  139. 

Discussion. — Cowper.  E.  A.,  140. — Crampton,  T.  R.,  liO. — Siemens, 
C.  W.,  140,  141. 

EXPAKSION  Valve,  Paper  on  a  double-slide  expansion-valve  for  marine 
engines,  by  F.  W.  Wymer,  1856,  58.— Objects  to  be  effected,  58.— 
Description  of  valves.  59. — Table  of  economy  in  fuel,  60. 

Discussion.— BeyQv,  C.  F.,  60.— Fenton,  J.,  60.— Fothergill,  B.,  60.— 
Miller,  J.,  61.— Wymer,  F.  W.,  60,  61. 

Expansion  Valve  Motion.    See  Valve  Motion,  1855,  146. 

Explosions,  Boilek.     See  Boiler  Explosions,  1866,  130.-1870,  179. 

Express  Engine.     See  Locomotive,  1848,  June,  8. — 1849,  Apl.,  8. 

Eyth,  M.,  elected  Member,  1869,  120. 

Towing  Canal  Boats,  Paper  on  towing  boats  on  canals  and  rivers  by  a  fixed 
wire-rope  and  clip-drum.  1869,  240. — Action  of  clip-drum,  264. — Tug- 
boats worked  with  "-grappin,"  267. 


Faija,  H.,  elected  Member,  1869,  120. 
Faiebaibn,  Sir  A.,  elected  Member.  1868,  20. 
Faiebairn,  G.,  elected  Member,  1854,  49. 
Faibbaikn,  J.,  elected  Honorary  Member,  1863,  247. 
Faiebaibn,  T.,  elected  Member,  1852,  9, 

Faiebaibn,    Sir  W.,    elected    Jlember,    1847. —  Vice-President,    1853,    7. — 
President,  1854,  5.-1855,  5.— Vice-President,  1856,  6.— 1857,  11.— 
1858,  12. 
Axlebox   and    Coupling    Rod,   durability  of    india-rubber    washers    when 
protected  from  oil,  1858,  169. — Diminished  wear  of  wheel  flanges,  170. 
Boiler  Explosions,  importance  of  periodical  inspection,  1866,  165. — Rapid 
grooving   at  high  pressure,   166. — Strength  of  tubes  to  resist  collapse 
varies  inversely  as  their  length.  166. 
Boiler,  French  fusible  plate,  1854,  103. — Composition  of  plate,  104. 
Colliery,  rise  of  temperatm-e  in  deep  shafts,  1858.  235. — Furnace  ventilation 

necessary  for  very  large  quantities  of  air,  235. 
Corn  Mill,  Floating,  Paper  on  a  floating  steam  corn-mill  and  bakery,  1858, 
156. 
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Corn- Mill  Machinery,  advantage  of  air  current  between  stones,  1856,  143. 
Crane,  Travelling,  Pape?-  on  an  improved  steam  travelling  crane,  1854,  96. 
Crane,  Tubular,  Paper  on  tubular  wrought-iron  cranes  ;  with  description  of 

the  sixty-ton  tubular  wrought-iron  crane  recently  erected  at  Keyhani 
Dockyard,  Devonport,  1857,  87.— Arrangement  of  friction  rollers,  96. 
Expansion  of  Steam,  Paper  on  the  expansive  action  of  steam,  and  a  new 

construction  of  expansion  valves  for  condensing  steam  engines,  1849, 

July,  21. 
Guns,    Proof  of,  by   Measurement,  strain  of   only  one-tenth   of  limit  of 

elasticity,  if  frequently  repeated,  produces  f ractm-e,  1866, 109. — Platinum 

vent-piece,  113. 
Iron  Columns  in  Cotton  Mill,  removal  of.   Paper  on  the  removing  and 

replacing  of  the  iron  columns  in  a  cotton  mill,  1866,  181. 
Library,  special  donation,  1854,  138.  — 

Marine  Engines,  increase  of  steam  pressure,  1855,  95. 
Pumping  Engines,  Paper  on  a  new  construction  of  pumping  engine,  1855, 

177. 
Railway  Break,  Paper  on  the  retardation  and  stoppage  of  railway  trains, 

1853,  156. 
Eailway  Carriages,  saving  from  less  dead  weight  in  long  carriages,  1857, 

160. 
Eemarks  as  President.  1854,  6. — 1855,  6. 
Resolution  in  recognition  of  foundation  of  Whitworth  scholarships,  1868, 

163. 
Riveter,  great  strain  on  standards  of  mostjiveting  machines,  1856,  137. 
Ships,  effect  of  shot  on  iron  armour-plates,  1856,  22-1. 
Spring,  failure  of  springs  under  long-continued  action,  1855,  170. 
Steel  Tyres,  great  variation  in  strength  of  Bessemer  steel,  1866,  196. 
Ventilation  of   Buildings,  defective  ventilation  of    barracks,  1867,  77. — 

Advantage  of  taking  off  bad  air  at  bottom  of  room,  78. 
Water  Works,  Manchester,  experiments  on  velocity  of  flow  through  apertures 

of  different  shapes,  1866,  258. — Best  not  to  lay  pipes  through  artificial 

embankment,  260. 
Winding  Engine,  Paper  on  a  new  description  of  winding  engine,  1853,  137. 
Faiebaien,  W.  a.,  elected  Member,  1849,  Jan.,  9. 

Axlebox  and  Coupling  Rod,  Paper  on  an  improved  construction  of  axleboxes 

and  coupling  rods  for  locomotive  engines.  1858,  166. 
Faieless,  J.,  elected  Member,  1869,  120. 
Faielie,  R.  F.,  elected  Member,  1857,  201. 
Fan  Blast,  Paper  on  a  series  of  experiments  relative  to  the  fan  blast,  by 

W.  Buckle,  1847,  May,  3.— Fan  become  indispensable  in  smithies  and 
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foundries,  3. — Construction  and  action,  4. — Experiments  on  density  of 
blast  and  power  required,  5.  —  Calculation  of  results,  6.  —  Table  of 
experiments.  7. — Greatest  results  obtained  when  theoretical  velocity  and 
velocity  of  tips  of  vanes  are  nearly  equal,  9. — Formula  for  calculating 
power,  10. — Proportions  of  fan  deduced  from  experiments,  12. 

Fan  Blast,  Supplementary  Paper  on  the  fan  blast,  by  W.  Buckle,  1847,  Oct.,  3. 
— Size  of  inlet  openings  and  length  of  vanes  in  fan,  4. — Best  proportions 
for  construction  of  fan,  6. — Prevention  of  noise  and  reduction  of  power 
by  contracting  discharge  opening,  8.  —  Mechanical  construction,  9. — 
Application  of  fan  to  smelting  iron,  9. — Tables  of  additional  experiments, 
10. 

Fan,  Blowing,  Lloyd's,  1856,  .54,  56. 

Fan,  Ventilating.  See  Ventilating  Fan,  1856.  251.-1869.  78,  133.— 1871, 
22,  66. 

Faedon,  T.,  elected  Member,  1867,  59. 

Faemer,  J.,  elected  Member.  1862,  93.— Decease,  1864,  2.— Memoir,  14. 

Faviell,  S.  C,  elected  Member,  1865,  101. 

Fay,  C,  elected  Member,  1856,  7. 

Railway  Carriages,  Paper  on  saving  of  dead  weight  in  passenger  trains, 
1857,  149. — Continuous  break  acting  on  every  carriage,  159. 

Feabn,  J.  W.,  elected  Member,  1872,  26. 

Feaenley,  T.,  elected  Member,  1861,  211. 

Feed- Pipe  Connexion,  Paper  on  a  new  water  connexion  between  locomotive 
engines  and  tenders,  by  J.  Fenton,  1857,  99.— Ball-and-socket  couplings 
and  hose  pipes  very  troublesome,  99. — Description  cf  new  coupling,  99, 

i>;s<?!/ss(>«.— Craig,  W.  G.,  101.— Fenton,  J.,  100, 101. 102.— Forsyth,  T., 
101.— Johnson,  W.  B.,  102.— Eamsbottom,  J.,  100.— Eankine,  W.  J.  M., 
102.— Siemens,  C.  W.,  102.— Whitworth,  J.,  102. 

Feed-Pipe  Connexion,   Paper    on  a  feed-pipe    connexion    for    locomotive 

engines,  by  A.  Allan,  1862,  88. — Description  of  coOed-tube  connexion, 

88. — Examples  of  elasticity  of  coiled  tube,  89. — Particulars  of  working,  90. 

J3jsc?/ss?o«.— Cochrane,    A.    B.,    90,   91.— Joy,    D.,    90,    91.— Lloyd, 

Sampson,  90. — Murphy,  J.,  91. 

Fellows,  F.  P.,  Decimal  Measure,  Inch  and  Metre,  importance  of  complete 
system  of  weights  and  measures  based  on  one  unit,  1865,  40. — 
Comparative  values  of  exports  to  countries  using  metric  system  and 
English  system,  41. — Utility  of  metric  system  for  engineering  calculations, 
42. 

Fenby,  J.  B.,  elected  Member,  1866,  103. 

Locks,  Paper  on  an  improved  construction  of  lock  and  key,  1866,  79. — 
Provision  against  locking  the  bit  up  in  the  safe,  100. — Importance   of 
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retention  of   counterfeit  bit  if  once  tried,  100. — Necessity  for  cutting 

off  all  access  to  interior  of  lock.  101. 
Steam  Jet.  more  work  done  in  exhausting  same  weight  of  air  at  greater 

vacuum,  1872.  115. — Applicable  for  air-blast  between  millstones,  115. 
Fenton,  J.,  elected   Member,  1847.  — Council,    1849,  Jan..   9.  —  Re-elected 

Member,  1852,  9.— Council.  1854.  5.— Vice-Pre.sident,  1857,  11.— 1858, 

12.-1859,  13.-1860,  13.— 1861,  13.— 1862,  19.-1863,  14.— Decease, 

1864,  2.— Memoir,  14. 
Feed-Pipe  Connexion,  Paper  on  a  new  water  connexion  between  locomotive 

engines  and  tenders,  1857,  99. — Durability  of  india-rubber  rings,  101. — 

Cost  of  coupling,  102. 
Safety  Valve,  Paper  on  an  improved  safety  valve  for  locomotive,  marine, 

and  stationary  boilers,  1855,  24. — Mode  of  grinding  spherical  valves, 

29. — Cost  of  single  and  double  valves,  29. 
Water-Raising  Apparatus,  Paper  on  Fryer's  apparatus  for  filling  locomotive 

tenders  with  water,  1859,  211. 
Fenwick,  C,  elected  Graduate,  1869,  277. 
Ferguson,  H.  T.,  elected  Member,  1870,  19. 

Ore-Dressing  Machinery,  Paper  on  the  mechanical   appliances  used  for 

dressing  tin  and  copper  ores  in  Cornwall,  1873,  119. 
Fernie,  J.,  elected  Member,  1854,  110.  — Council,  1857,  11.  — 1860,  13.— 

1863,  14.— 1866,  16.— 1869,  19. 
Allen  Engine,  greater  pressure  of  steam  advisable  at  high  speeds,  as  in 

locomotives,  1868,  75. 
Boiler,  Corrosion  of,  welded  boilers  very  satisfactory,  1866,  75. 
Coal-Cutting  Machinery,  Paper  on  the  application  of  machinery  to   coal 

cutting,  1868,  135. — Adjusting  height  of  cut  from  iloor,  145. 
Crane,  Paper  on  a  travelling  crane  worked  by  clip-drum  and  wire-rope,  1868, 

164.— Speed  of  lifting  with  heavy  cranes,  168.— Less  power  required  to 

drive  wire-rope  than  quick-running  cotton-rope,  172. 
Decimal   Measure,   Paper  on    the   application   of   the   decimal   system  of 

measurement  to  mechanical  engineering  work,  &c.,  1859,  110.— Cocker's 

measuring  instrument,  error  from  dust,  and  very  small  range,  127. 
Decimal    Measure,   Paper  on   the   application   of  the   decimal   system   of 

measurement  in  boring  and  turning  wheels  and  axles,  1860,  223.— Best 

degree  of  tightness  of  wheel  on  axle,  229.— Inch  very   convenient  unit 

for    decimal    measurement,    232. — No  difficulty    in    working    to    one- 
thousandth  of  an  inch,  233. 
Decimal  Measure,  Inch  and  Metre,  Paper  on  the  relative  advantages  of  the 

inch  and  the  metre  as  the  standard  unit  of  decimal  measure,  1865,  21 . — 

Adoption  of   metre  gauge  for  manufacture  of  Giffard  injectors,  34. — 

Metre  has  no  advantage  over  inch,  50. 
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Drilling  Machine,  important  to  drill  rivet-holes  in  fireboxes  of  locomotive 

boilers,  1860,  207. 
Hoist  and  Cupola,  Paper  on  an  improved  foundry  hoist  and  cupola,  1856, 

49. — Working  speed  of  fan,  56. 
Hydraulic  Shearing  Press,  great  advantage  over  ordinary  shears,  in  facility 

for  stopping  at  any  point,  1858.  75. 
Indicator,  improved  construction  of,  1863,  266. 
Injector,  experiments  with  different  proportions  of  steam  and  water,  1860, 

79. 
Locomotive  Engines,  working  of  Lickey  Incline  on  Midland  Eailway,  1863, 

111. 
Packing  for  Pistons,  steam-packed  brass  rings  very  durable  and  preserve 

cylinder  very  effectually,  1862,  321. 
Pumping  Engine,  importance  of  authentic  records  of  working,  cost,  &c.,  of 

beam  and  direct-acting  engines,  1859,  60. 
Steam  Cultivation,  great  success  of  clip-druui,  1865,  80. — Eestrictions  on  use 

of  traction  engines  on  roads  quite  unnecessarj',  81. 
Tuyere,   Paper  on   an  improved  tuyere  for  smiths'  hearths,   1855,   57, — 

Durability  of  tuyeres,  58. 
Ventilation,  Mechanical,  mistake  to  admit  the  fresh  air  above,  1863,  205. 
Fessel's  Gyeoscope,  description  of,  1854,  106. 
FiDDES,  W.,  elected  Member,  1866,  55. 
FlDLKR,  E.,  elected  Member,  1872,  119. 

Coal-Cutting  Machine,  rate  of  cutting,  1872,  216. — Saving  in  amount   of 
slack  made,  217. — Stoppages  not  often  occurriug  from  falling-in  of  roof, 
219. — Gain  from  making  less  slack  in  machine-cutting,  223. 
Field,  E.,  elected  Member,  1867,  59. 

Field,  J.,  elected  Member,  1862,  314.     Decease,  1864,  2.— Memoir,  15. 
Field,  J.,  Jun.,  elected  Member,  1861,  211. 
Field  Implements.    See  Agricultural. 

File-Cutting  Machine,  Paper  on  a  new  machine  for  cutting  and  forging  files, 
by  K.  C.  Ross,  1856,  226. — Description  of  machine,  226. — Chisel  holdei-, 
227.— Regulating  force  of  blow,  228. — Binding  roller  for  holding  down 
blank,  228,— Feed  motion,  229.— Pate  and  cost  of  cutting  files,  229. 

Btsciissiofi. — Fothergill,  B.,  230,  231.— Harvey,  R.,  231. — Johnstone,  J., 
231.— McFarlane,  J.,  232.— Neilson,  W.  M.,  231.— Ross,  R.  C,  230,  231.— 
Whitworth,  J,,  230,  232. 
File-Cutting  Machine,  Paper  on  file-cutting  machinery,  by  T.  Greenwood, 
1859,  134.— Opposition  of  file-cutters  to  introduction  of  machiuerj%  134. 
— Requirements  of  a  file-cutting  machine,  135. — Description  of  Bernot's 
machine,   136, — Varying   force   of    blow   in  cutting   taper  files,   137. — 
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Compound  adjustable  bed  for  holding  blank,  137.— Traversing  feed,  138.— 
Adjustment  of  blank  square  to  edge  of  chisel,  138.— Mode  of  action  of 
machine,  137. — Durability  of  cutting  chisels,  140. 

Discnssmi.—Co-wpev,    E.   A.,   143,    145.— Fothergill,   B.,    141,   144.— 
Greaves,  S.,  145.— Greenwood,  T.,  141,  142,  143,  144,  146.— Maudslay,  H., 
144._Penn,  J.,  141,  143,  144,  146.— Tomlinson,  J.,  145. 
FiLLlTER,  E.,  elected  Member,  1865,  101. 

Filter,  Paj^e?'  on  an  improved  water  filter,  by  A.  Slate,  1854,  75. — Description 
of  Forster's  stone  filter,  75.— Cleaning,  76.— Filters  for  very  dirty  water, 
76. — Separation  of  lead,  77. 

Biseussioii.—Addenhvooke,  G.,  78.— Bird,  A.,  77.— Clift,  J.  E.,  78.— 
Forster,  J.,  77,  78.— Jobson,  R.,  78.— Slate,  A.,  77,  78. 
FiEEBEiCK  Gas  Retorts.    See  Gas  Retorts,  1852,  178. 
Firth,  A.,  elected  Member,  1868,  103. 
Firth,  S.,  elected  Member,  1868,  212. 

Coal-Cutting     Machinery,    compressed-air     machine     distinctly    cools    the 
-workings,   1868,   151. — Diminished   area  of  workings   kept  open  with 
machine  cutting,  153. — Whole  of  undercutting  at  Tingley  Colliery  done 
by  machine,  158. — Double-headed  pick  for  holing  in  one  course,  161. 
Fieth,  W.,  Coal-Cutting  Machinery,  holing  in  parting  to  keep  two  qualities  of 
coal  separate,  1868, 147, — Effect  of  compressed-air  machine  on  ventilation, 
151. 
FiSHEE,  B.  S.,  elected  Member,  1871,  117. 
Fisher,  J.,  elected  Honorary  Member,  1863,  114. 

Fisher,  W.,  Puddling  Machine,  larger  yield  of  iron  of  better  quality,  and 
smaller  consumption  of  fuel  than  in  hand  puddling,  1864,  304.— Fettling 
not  disturbed  by  rabble,  308. — Six  heats  worked  per  day,  309. 
Flavel,  S.,  Jun.,  elected  Graduate,  1867,  60. 

Flax-Spinning  Machinery,  Pajfer  on  machinery  employed  in  the  preparation 
and  spinning  of  flax,  by  T.  Greenwood,  1865,  103.— Retting,  103.— 
Scutching,  104.— Heckling,  104.— Spinning,  105.— Sizes  of  yarn,  106. — 
Cut-line  system,  107. — Breaking  rollers,  108. — Scutching  machine,  108. — 
Heckling  machine,  109. — Long-line  spreading  frame,  114. — Tow-carding 
machine,  117. — Wet  spinning  frame,  120. 

Dixenssion.— Greenwood,  T.,  122,  123,  124,  125,  127.— Napier,  R.,  122, 
123,    124,    127,    128.— Newton,    W.    E.,    124.— Richardson,   W.,   123.— 
Whitley,  J.,  127. 
Fleet,  T.,  elected  Member,  1864,  121. 

Tools,  punched  holes  equal  to  drilled,  1864,  217. — Machine  riveting  not  so 
good  as  hand,  218. 
Fleetwood.  D.  J.,  elected  Member,  1861,  14. 
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Fletchee,  E.,  Original  Member,  1847. 

Engine  Shed,  Paper  on  the  locomotive  engine  shed  and  turntables  at  the 
Gateshead  Station,  1858,  256, 

Fletchee,  H.,  elected  Member,  1872,  75. 

Fletchee,  H.  A.,  elected  Member,  1858,  266. 

Fletchee,  J.,  elected  Member,  1857,  201. 

Break   Drums,   general    employment  of    cast-iron  bearings   for    cast-iron 

shafts,  &c.,  1871,  210. 
Rifled  Gun  Manufacture,  difficulty  in  producing  accurate  work,  from  change 

of  temperature,  1862,  144. 
Tools,  Paper  on  improvements  in  heavy  tools  for  general  engineering  and 
iron  shipbuilding  work,  1864,  189. — Durability  of  punch  of  nut-making 
machine,  209. — Defects  of  punched  plates  for  wrought-iron  bridge 
building,  212. — Accuracy  of  drilling  plates  for  riveting,  213. — Skew- 
mitre  wheels  for  drill  spindles,  219. — Speed  of  drilling,  220. — Setting  of 
drills,  221, — Circular  shaping  machine  for  planing  edges  of  plates,  225. — 
Angle  of  V  grooves  of  planing  machine  should  not  be  more  than  85°,  227. 
— Stepped  rack  for  planing  machine,  227. 

Fletchee,  J.,  Jun.,  elected  Member,  1866,  264. 

Fletchee,  L.  E.,  elected  Member,  1867,  59. 

Boiler  Explosions,  plain  cylindrical  boiler  not  a  safe  form,  1866,  172. — 
Great  injury  done  by  explosions  of  boilers  heated  by  puddling  and  other 
furnaces,  173. — Lancashire  boiler  safest  form,  174. — Construction  of 
internal  flues,  175, — All  explosions  caused  by  neglect,  1870,  200. — 
Results  of  explosion  due  to  force  of  steam  alone,  200. — Explosions 
attributable  mostly  to  boiler-owner,  200.  —  Necessity  for  fi-equent 
examination,  201. — Proportions  and  fittings  of  boilers,  201. 

Floating  Docks.    See  Docks,  Floating,  1867,  80, 

Floating  Steam  Coen-Mill.      See  Corn  Mill,  Floating,  1858,  155, 

Flood,  P,  B.,  elected  Member,  1866,  264. 

Floue  Mill,  Disintegrating.     See  Disintegrator,  1872,  28. 

Flow  of  Solids,  Paper  on  the  "  Flow  of  Solids",  with  the  practical  application 
in  forgings,  &c.,  by  H,  Tresca,  1867,  114. — Experiments  on  flow  of 
cylindrical  jet  of  lead,  114. — Points  noted  in  experiments,  115. — Further 
experiments  on  cylindrical  jets,  116. — Flow  through  polygonal  and 
eccentric  circular  orifices,  119. — Flow  through  lateral  orifices,  122. — 
Conclusions  from  experiments,  125. — Experiments  on  rolling  and  forging, 
126,— Rolling,  128.— Forging,  133.— Punching,  138.— General  conclusions 
on  flow  of  solids,  141, 

2>/sc?<ssio«.— Clay,  W.,  148.— Cochrane,  C,  148.— Fairbairn,  W.,  145. 
—Fernie,  J.,  147,  149.— Mallet,  R.,  145,  147.— Newton,  W.  E.,  147.— 
Penn,  J,,  150.— Ramsbottom,  J.,  144,  146.— Tresca,  H.,  143,  144,  147,  149. 
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Flower,  J.  J.  A.,  elected  Member,  1872,  254. 

Foaa,  R.,  elected  Member,  1859,  247. 

Forrest,  W.  J.,  elected  Member,  1871,  262. 

FORSTER,  E.,  elected  Member,  1861,  14. 

FoRSTER,  G.  B.,  elected  Member,  1869,  276.  • 

FORSTER,  G.  E.,  elected  Honorary  Member.  1863,  247. 

FORSTER,  J.,  elected  Member,  1868,  103. 

FoRSTER  Water  Filter.    See  Filter,  1854,  75. 

Forsyth,  J.  C,  elected  Member,  1849,  Apl.,  32. 

Forsyth,  T.,  elected  Member,  1849,  Apl.,  32.— Decease,  1859,  2. 

Axlebox,  successful  action  of  cotton-waste  in  keeping  axle  lubricated,  1852, 

222. 
Boiler,  Paper  on  a  new  steam-engine  boiler,  1854,  101.— Pressure  plate,  to 

give  way  when  pressure  too  high,  104. 
Drilling   Machine,   Paper   on   a   double-traversing    drilling    and  grooving 
machine,  1856,  108. — Time  and  cost  of  cutting  cotter-holes  by  hand  and 
by  machine,  111. — Fixing  drills  in  spindles,  112. 
Foster,  E.  H,,  elected  Member,  1864,  19. 
Foster,  S.  L.,  elected  Member,  1861,  109. 
Foster  Pressure  Gauge.    See  Pressure  Gauges,  1871,  281. 
FOTHERGILL,  B.,  Original  Member,  1847.— Council,  1847.— 1848.— 1849,  Jan., 
9.-1853,  8.— Vice-President,  1856,  6.— 1857,  11.— 1858, 12.-1859,13. 
—1860,  13. 
Brick  Machinery,  Paper  on  a  dry-clay  brick-making  machine,  1859,  42. — 
Edges  of  mould  not  worn  away  as  in  former  machines,  48. — Cost  of  the 
machinery,  49. 
Coal-Burning  Locomotive,  saving  from  use  of  coal,  1858,  289. — Tubes  and 
fireboxes  more  durable  with  coal  than  with  coke,  290. — Saving  from  use 
of  coal  in  Lancashire,  1860,  172. — Importance  of  brick  arch  as  well  as 
deflecting  plate,  172. — Slower  combustion  advisable  in  locomotives,  175. 
Combing  Machine,  Paper  on  the  combing  of  fibrous  materials,  1853,  151. 
Cotton-Spinning  Machinery,  spinning  jenny  still  used  in  spinning  wool  for 

cloth,  1866,  242. 
File-Cutting  Machine,  opposition  of  workmen  to  introduction  of  machines, 
1859,   141. — Importance  of  correct   form   of   tooth,   142. — Machine-cut 
files  quite  equal  to  best  hand-cut  files  in  working,  144. 
Friction  Coupling,  Faper  on  Wrigley's  friction  coupling  for  shafting,  1858, 
22. — Use  of  friction  couplings  in  starting  machineiy  without  shock,  25. 
Hoist  Governor,  Paper  on  a  safety  hoist  governor,  1858,  269. — Cost,  271. 
Meeting  at  Newcastle,  and  Excursions,  1858,  267. 

Rope  Manufacture,  defects  in  preparation  of  fibres,  1862,  202. — Combing 
machine  better  than  carding  for  cotton  fibres,  204. 
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FOTHERGILL,  B.  (continued). 

Steel  Tjres,  Paper  on  Banks'  steel  tyres,  1848,  Apl.,  21. 

Teeth  of  TVTieels,  mode  of  describing  teeth  for  wheel  and  pinion,  1848, 

Apl.,  5. 
."Water  Meter,  Paper  on  an  improved  water  meter,  1853, 142. — Small  friction 

in  Taylor's  meter,  145. 
Water  Meter,  Paper  on  recent  improvements  in  water  meters,  1857,  172. — 
Efficiency  of  Chadwick's  piston  meter,  176. 
Foundry,  Paper  on  an  iron  construction  of  foundry,  and  an  improved  process  of 
moulding  pipes  and  hollow  cast  ware,  by  J.  Downie,  1856,  165. — 
Arrangement  of  moulding  shop,  165.  —  Columns,  girders,  &c.,  165. — 
Swing  cranes,  166. — Eoof,  167. — Improved  method  of  moulding,  167. — 
Moulding  apparatus,  168. 

Z>(sc?/«si<7».— Beyer,   C.  F.,  170.— Downie,  J.,   169,  170,   171,   172.— 
Fairbairn,  W.,  169.— Fenton,  J.,  169.— Fothergill,  B.,  172.— Harvey,  R., 
171.  — Jones,  E.,  172.  — McFarlane,  J.,  171,  172.  — Morrison,  E.,  170.— 
Whitworth,  J.,  169,  171,  1/2. 
Foundry  Cupola.    See  Cupola,  1856,  49.-1868,  89. 
Fowler,  G.,  elected  Member,  1866,  17. 

Colliery  "Working,   Midland,   Paper  on  the   mode    of    working    and    the 
mechanical  appliances  employed  in  the  Midland  coalfield,  1870, 146. — 
"Winding  engine  has  to  be  much  more  powerful  than  necessary  to  raise 
load,  164. 
Fowler,  J.,  elected  Member,  1847. 

Fowler,  J.,  Jun.,  elected  Member,  1857,  55. — Decease,  1865,  2. — Memoir,  14. 
Steam  Cultivation,  Paper  on  steam  cultivation,  1857,  57. — Cost  of  steam 

ploughing  machinery,  75. 
Steam  Cultivation,  Paper  on  the  application  of  steam  power  to  cultivation, 
1865,  55. 
Fowler,  W.,  elected  Member.  1859,  53. 

Fox,  Sir  C,  Original  Member,  1847.— Council,  1856,  6.— 1863.  14.-1866,  16. 
—1869,  19. 
Decimal    Measure,    actual    unit    not   of    much    importance,    1857,  143. — 
Comparison  of  French  and   English  measures.  144. — Metre  not  correct 
decimal  fraction  of  degree  of  latitude,  144. 
Fox,  C.  D.,  elected  Member,  1866,  55. 
Fraxkish,  J.,  elected  Member,  1864,  121. 
Fraser,  John,  elected  Member,  1859,  53. 
Fraser,  Joseph,  elected  Member,  1853,  8. 
Fraser,  J.  S.,  elected  Member,  1866,  264. 
Freeman,  G.  F.,  elected  Member,  1870,  228. 
Freeman,  J.,  elected  Member,  1856,  79. — Decease.  1872,  2. — Memoir,  16, 
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Freeman,  W.  G.,  elected  Associate,  1873,  250. 

Friction  of  Heated-Air  Engine,  1873.  73. — Cornish  engines,  182,  198.— Loss  of 

power  by  engine  friction,  198. 
Friction    Break,    Appold.      See     Dynamometer,     1858,     107.— Telegraph 
Machinery,  1867,  24. 

Balk.     See  Dynamometer,  1858,  107. 

Imray.     See  Dynamometer,  1858,  107,  113. 

Weston.    See  Friction  Coupling,  1868,  214. 

Friction  Coupling,  Paper  on  Wrigley's  friction  coupling  for  shafting,  by  B. 
Fothergill,  1858,  22. — Description  of  coupling,  22. — Adjustment  for  wear, 
23. — Importance  of  application  of  fi-iction  couplings,  23. 

Discussion.— Gochv?ine,  A.  B.,  26.— Cowper,  E,  A.,  26. — Fothergill,  B,, 
24.— Whitworth,  J.,  24,  25,  26.— Wrigley,  F.,  24,  26. 
Friction  Coupling,  Paper  on  an  improved  friction  coupling  and  break,  and  its 
application  to  hoists,  windlasses,  and  shafting,  &c.,  by  T.  A.  Weston,  1868, 
214. — Principle  of  repeating  frictional  effect,  214. — Model  illustrating 
principle,  215. — Experimental  break,  216. — Materials  and  structure  of 
discs,  218.— Graduated-effect  break,  219.— Hoisting  crab,  220.— Sack 
hoist,  220.— Ship's  windlass,  221.— Shaft  coupling,  223.— Safety  clutch, 
224.— Self-engaging  friction  coupling,  224.— Lathe  coupling,  225. — Safety 
pinion,  225. — Self-sustaining  sack-hoist,  226. — Hoisting  crab  for  slow 
lowering,  229. — Hoisting  crab  for  quick  lowering,  230. 

I>iscussion.—haX\io,  W.  F.,  235.— Bramwell,  F.  J.,  235,  236.— Carbutt, 
E.  H.,  236.— Cowper,  E.  A.,  233,  234.— Siemens,  C.  W.,  236.— Weston,  T.  A., 
232,  233,  234,  235,  236. 
Friction  Gearing,  Paper  on  gi-ooved-surface  frictional  gearing,  by  J. 
Eobertson,  1856,  202.— Description  of  gearing,  pitch  of  grooves,  202. 
Speed  ring,  203.— Disengaging  clutch,  204.— Keversing  gear,  204.— Testing 
apparatus,  205.— Comparative  slip  in  grooved  and  toothed  wheels,  206. — 
Pressure  required  to  hold  wheels  in  gear,  207. 

Discussion.— Y?dxh2i\Tn,  W.,  209,211.— Harvey,  R.,  211.— McFarlane,  J., 
212.— Eobertson,   J.,  209,  210,  211,  212.— Russell,  J.  S.,  210.— Siemens, 
C.  W.,  211.— Whitworth,  J.,  209,  210,  212. 
Friction  Hammer.    See  Hammer,  1854,  133. 

Frost,  T.,  elected  Member,  1864,  59.-^Decease,  1872,  2.— Memoir,  16. 
Froude,  W.,  elected  Member,  1852,  153. 

Dynamometer,  Paper  on  a  new  dynamometer  and  friction  break,  1858,  92. 
Morin's  dynamometer  very  accurate.  111. — Oil-c3'liader  necessary  to 
prevent  jerks.  111. — Large  amount  of  power  absorbed  by  thrashing 
machines  running  empty,  112,  115. — Advantages  of  Imray's  friction 
break  over  other  forms,  113. 
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Feoudb,  W.  (continued). 

Engines,  Portable,  for   Mining,  friction  of   engines  of  screw  ship,  1873, 

199. 
Scraper  for  Torquay  Water  Worlis,  rougliness  of  pipe  greatly  impedes  flow 
of  water,  1873,  224,— Mode  of  ascertaining  nature  of  obstruction,  225.— 
Effect  of  trial  scraping,  226.— Experiment  showing  resistance  of  rough 
surfaces  to  flow  of  water,  227.— Construction  of  scrapers,  227. — Action 
of  stone-collecting  cup,  229. — Cost  of  first  scraping,  229. 
Ship  Model  Machine,  Paper  on  a  machine  for  shaping  the  models  used  in 
experiments  on  forms  of  ships,  1873,  202.— Correspondence  of  models 
with  calculated  displacement,  212. — Paraffin  cuts  very  easily  and  clean, 
213. — Size  of  models,  214. — Great  strength  of  paraffin  models,  215. 

FUY,  A.,  elected  Member,  1866,  264. 

Fetee,  a.,  Water- Raising  Apparatus,  direct  application  of  steam  for  raising 
saccharine  fluids,  1859,  214. — Raising  water  from  well  where  pump 
failed  from  valves  being  inaccessible  under  water,  215. — Very  little  steam 
required  for  filling  locomotive  tender,  215. 

Fuel,  Compressed  Peat.    See  Peat  Fuel,  1865,  147. 

Fuel  Economiseb,  Paper  on  an  apparatus  for  economising  fuel,  by  W.  G. 
Craig,  1857, 196. — Description  of  Green's  economiser,  196. — Soot  scrapers, 
196. — Temperatm-e  of  waste  heat  and  of  feed  water,  197. — Economy  in 
fuel,  197. 

Bucussion.—Qx2.\g,  W.  G.,  198.— Leese,  198,  199.— Maudslay,  H.,  199. 
— McConnell,  J.  E.,  198,  199. 

Furnace,  Blast.     See  Blast  Furnace. 

Furnace,  Regenerative.    See  Regenerative  Furnace. 

Furnace,  REVOLviNa  Chemical,  Paper  on  a  revolving  furnace  for  chemical 
works,  by  R.  C.  Clapham  and  H.  C.  AUhusen,  1869,  229.— Extent  of 
"  balling  "  process,  229. — Construction  of  revolving  furnace,  229. — Joints 
at  ends  of  cylinder,  230. — Rotating  apparatus,  230. — Cylinder  bearings, 
231. — Particulars  of  working,  231. — Comparison  in  cost,  &c.,  with  hand- 
furnace,  232. 

Z>isc?«sio».— Allhusen,  H.  C,  234,  236,  238.— Armstrong,  Sir  W.  G., 
234,  239.— Bell,  I.  L.,  234,  236.— Bramwell,  F.  J.,  238.— Clapham,  R.  C, 
239.— Clay,  W.,  236.— Cochrane,  C,  235.— Cowper,  E.  A.,  238. 

Furnace  Valve,  Paper  on  Prideaux's  self-closing  valve  for  preventing  smoke 
in  steam-boiler  and  other  furnaces,  by  J.  E.  Hodgkin,  1854,  111. — 
Principle  of  action.  111.— Description  of  apparatus.  111. —  Regulating 
cylinder,  112.  —  Deflecting  plates,  112.  —  Coolness  of  stoke-hole,  113. — 
Size  of  air-valve,  114.— Consumption  of  smoke,  114. — Saving  of  fuel,  115. 
i)ucwss/tf».— Fairbairn,  W.,  116,  119.— McConnell,  J.  E.,  117,  118i — 
Prideaux,  T.  S.,  117,  118,  119. 
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Gainsfokd,  W.  D.,  elected  Member,  1865,  53. 

Gale,  J.  M.,  "Water  Works,  Glasgow,  Paper  on  the  mechanical  appliances  of 
the  Loch  Katrine  Water  Works  for  the  supply  of  Glasgow,  1864,  123.— 
Water  supply  for  various  purposes,  138. — Partial  use  of  meters,  139. — 
Heavy  cost  of  general  use  of  meters,  140. — Water-rate  in  Glasgow,  140.— 
Small  stop-valves  in  large  mains,  143. — Connection  of  aqueduct  and  pipes, 
145. — Provision  against  accidents,  146. 

Galloway,  C.  J.,  elected  Member,  1866,  103. 

Boiler  Explosions,  strengthening  internal  flues  by  conical  transverse  tubes, 
1866,  176. 

Galton,  D.,  Capt.,  elected  Member,  1862.  314. 

Gaeland,  W.  S.,  Original  Member,  1847. 

Pumping  Engines,  Paper  on  the  new  pumping  engines  at  the  Birmingham 
Water  Works,  1853,  110. — Expansion  of  steam,  114. — Pressure  of  water, 
115. — Flywheel  pumping  engine  higher  duty  than  Cornish,  1858,  62.— 
Description  of  pumicing  engine  at  Stoke  Newington,  62. 

Garstasg,  J.  H.,  elected  Member,  1870,  228. 

Gas  Lighting  for  Trains,  Paper  on  lighting  railway  trains  with  gas,  with 
description  of  T.  J.  Thompson's  system,  by  J.  Kitson,  1857,  242. — 
American  system  of  gas  lighting  for  trains,  242. — Thompson's  system, 
description  of  gasholder  combined  with  tender,  244. — Consumption  of 
burners,  245. — Gasholder  in  guard's  van,  246. — Supply  gasometer  at 
stations,  247. —  Self-acting  gas  A'alve,  248. — Coupling  between  carriages, 
249. — Cost  of  lighting  train  with  oil  and  with  gas,  251. — Cost  of 
gasholders,  &c.,  252. 

i>(S<?«ssio?i.— Chelliugworth,  T.  T.,  255.— Clift,  J.  E„  253,  256,  257.— 
Cowper,  E.  A.,  255. — Fernie,  J.,  257. — Inshaw,  J.,  258. — Jones.  J.  H.,  255. — 
Lloyd,  Sampson,  252,  254,  257,  258. — Markham,  C,  255,  256. — Thompson, 
T.  J.,  252,  254,  255,  256,  257.— Wright,  H.,  258. 

Gas  Meter,  Paper  on  an  improved  gas  meter,  by  A.  Allan,  1860,  15.— 
Variable  registering  by  ordinary  gas  meters,  15.  —  Description  of 
improved  meter,  15. — Compensating  fountain,  16. — Protection  from  any 
tampering  with  registration,  17. — Simpler  modification  of  meter,  18. 

Discussion.— QVdi,  J.  E.,  19,  20.— Kennedy,  J.,  21.— Siemens,  C.  W.,  20. 

Gas  Retorts,  Paper  on  improved  fire-brick  gas  retorts,  by  J.  E.  Clift,  1852, 
178. — Requirements  of  gas  retorts,  178. — Gas  produced  during  each  half 
hour  of  working  with  iron  and  fire-brick  retorts,  179. —Description  of 
fire-brick  retorts,  180.— Dm-ability,  181. — Cost  of  iron  and  fire-brick 
retorts,  182, 

Z>i5c?mio«.— Chellingworth,  T.  T.,  184.— Clift,  J.  E.,  184,  185.— 
Ramsbottom,  J.,  185.— Wright,  H.,  185. 

Gasse,  A.,  elected  Member.  1860.  13, 
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GrAXTGB,  MAGNETIC  WATER.    See  Magnetic  Water  Gauge,  1860,  S:.. 

Gauge,  Peessube.    See  Pressure  Gauge. 

Gauge,  Vacuum.    See  Vacuum  Gauge,  1851,  Jan.,  27. 

Gauntlett,  W.  H.,  elected  Member,  1867,  18. 

Geach,  C,  Original  Member,  1847.— Decease,  1855,  4. 

Geaeixg.     See  Frictional  Gearing,  1856,  202.— Teeth  of  Wheels,  1848,  Apl.,  4. 

—Wheel  Moulding  Machine.  1855,  41.— 1868,  238. 
Gelleeat,  E.,  Steam  Ecad  Roller,  Paper  on  the  steam  road  roller  used  in 

Paris,  1869,  101. 
GIBBINS,  R.  C,  elected  Member,  1871,  262. 
GlBBlNS,  T.,  elected  Member,  1848,  July.  20. 
Gibbons,  B.,  elected  Member,  1848,  Apl.,  23. 

Blast  Furnaces,  importance  of  large  aperture  at  top  of  furnace,  1852,  201. 

• — Only  small  saving  in  fuel  by  use  of  waste  gases,  204. 
High-Pi-essure   Boilers,    open    safety-pipe  for  indicating    over-pressure   or 

deficiency  of  water,  1848,  July,  16. 
Locomotive  Boiler,  air  heated  more  efiiciently  in  bent  pipes  than  straight 

pipes  for  hot-blast  furnaces,  1849,  July,  9. 
Pneumatic  Lift,  Paper  on  a  pneumatic  lift,  1849,  July,  11. — Lift  can  be 
stopped  firm  in  any  position,  20. — Railway  trains  might  be  raised  without 
motion  being  felt,  20. — Not  considerable  loss  from  friction,  as  in  hydraulic 
cranes,  20. — Original  suggestion  for  utilising  pressure  of  blast  for  a  lift, 
1851,  Jan.,  8. 
Ventilation  of  Colliery,  plan  of  working  in  Staffordshire  superior  in  economy 

and  efiSciency,  but  coal  much  thicker,  1849.  July,  38. 
Ventilation  of  Mines,  Paper  on  the  ventilation  of  mines,  1851,  -Apl.,  8. — 
Mode    of  extracting  whole  of  pillars  of   coal,  85. — Increased  yield  of 
coal,  35. 
Gibbons,  B.,  Jun.,  elected  Member,  1860,  89.— Decease,  1864,  2.— Memoir,  16. 
Gibbs,  W.,  elected  Member,  1865,  53. 
Gibson,  J.,  elected  Member,  1870,  228. 

GiFFAED  Lnjectoe.     See  Injector,  1860,  39,  74.— 1861,  220.-1866,  266, 
Gilbeet,  E.  E.,  elected  Member,  1872,  254. 

Gilkes,  E.,  elected  Member,  1856,  250.— Council,  1868,   19.-1870,   18.— 
1873,  24. 
Break  Drums,  cast-iron  break  blocks  on  Stockton  and  Darlington  Railway, 
1871,  210. 
Gillies,  M.,  elected  Member,  1869,  120. 
Gileoy,  G.,  elected  Member,  1866,  17. 

Coal-Cutting  Machinery,  machine  required  to  be  easily  portable,  1868,  159. 
Corn  Warehousing  Machinery,  travelling  band  used  for  conveying  slack  fi-om 
coal  screens,  1869,  223. 
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GiBDEES,  Nasmyth,  Paper  on  Nasmyth's  girders  and  fire-proof  floors,  by 
Sampson  Lloyd,  1849,  Oct.,  27. — Adaptations  of  "  bow-and-string " 
principle,  27. — Fire-proof  floors,  with  plate  iron  fitted  in  bow-and-string 
form,  27. — Freedom  from  lateral  pressure  on  girders,  27. — Application  to 
girders  and  bridges,  28. — Eoadway  of  bridges  formed  with  arched  plates 
like  fire-proof  floors,  29. — Roofs  constructed  with  extreme  lightness,  29. — 
Application  to  dock-gates,  caissons,  and  piers,  29. — Great  saving  in  weight 
of  materials,  30. 

Discttssio7i. — Co-R'per,  E.  A..  31,  32. — Henderson,  J.,  31. — Lloyd, 
Sampson,  30,  31.— Slate,  A.,  32.— Stephenson,  E.,  30,  31,  32. 

Glasgow  Coalfield.    See  Coalfield,  Glasgow,  1864,  229. 

Glasgow  Summer  Meetings,  1856,  125.— 1864,  121. 

Glasgow  Water  Works.    See  Water  Works,  Glasgow,  1864,  123. 

Glass,  Plate,  PajJer  on  machinery  for  the  manufacture  of  plate  glass,  by 
G.  H.  Daglish,  1863,  209.— Extent  of  manufacture  in  England,  209.— 
Casting  and  annealing  of  plates,  210. — "  Fly-frame"  grinding  machine, 
211. — Smoothing  machine,  213. — Polishing  machine,  213. — Lnproved 
grinding  and  smoothing  machine,  214. — Further  improvements  wanted  in 
casting  the  plates,  216. 

Discussion.— AdLVcm^on,  D.,  220.— Bramwell,  F.  J.,  217,  220,  221.— 
Clay,  W.,  223.— Danson,  W.,  220.— Fernie,  J.,  219.— Newton,  W.  E., 
222.— Pilkington,  E.,  219,  220,  221.— Silvester,  J.,  221.— Windus,  217,  220. 

Glass,  Polished  Sheet,  Paper  on  the  processes  and  mechanical  appliances  in 
the  manufacture  of  polished  sheet  glass,  by  R.  Pilkington,  1863,  268. — 
Melting  and  blowing,  268.— Furnaces,  269.— Pots,  269.— Blowing,  271.— 
Flattening,  272.  —  Polishing,  274.  —  Emery-sorting  apparatus,  275. — 
Polishing  with  red  oxide  of  iron,  276. 

Discussion.— Bmmv;Q\\,  F.  J.,  278.— Clift,  J.  E.,  278.— Cowper,  E.  A., 
280.  — Lloyd,  Sampson,  277,  279,  280.  —  Pilkington,  R.,  277,  278,  280.— 
Eigby,  P.,  277,  280. 

Glydon,  G.,  elected  Graduate,  1850,  July,  43. 

Godfrey,  S.,  elected  Member,  1862,  93. 

Gold,  extraction  by  amalgamation.     See  Crusher,  1854,  33. 

GOOCH,  W.  F.,  elected  Member,  1867,  234. 

GOODE,  B.  W.,  elected  Member,  1854,  49. 

GooDEVE,  T.  M.,  elected  Member,  1869,  120. 

GOODFELLOW,  B.,  Original  Member.  1847. — Decease,  1864,  2. — Memoir,  \&. 
Boiler  Construction,   Paper  on  the  construction  and  durabilit)'  of  steam 
boilers,  1859,  217. — Bulging  of  end  plate  of  boiler  from  expansion  of 
internal  flue,  223. — Angle-iron  strong  enough  if  good  iron  and  not  injured 
by  drifting,  226. 
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GoOLD.  Capt,,  Brick  Making,  cost  of  making  bricks  in  machine  at  Cobham, 
1859,  258. — Clay  used  raw  from  pit,  260. — Brick  made  of  nearly  pure 
silica,  260. 

GoEANSSON,  G.  F.,  elected  Member,  1865,  101. 

Gordon,  R.,  elected  Member,  1852,  41. 

GOEMAN,  "W.,  Water  Meter,  Paper  on  an  improved  water  meter,  1856,  242. 

GosSELL,  0.,  elected  Honorary  Member,  1865,  20. 

GouGH,  N.,  elected  Member,  1848,  Apl.,  23. 

GOVAN  COLLIEEY,  Compressed-Air  Engine.  See  Compressed-Air  Engine,  1856, 
145. 

GovERNOB,  Paper  on  a  simple  construction  of  steam-engine  governor,  having  a 
close  approximation  to  perfect  action,  by  J.  Head,  1871,  213. — Action  of 
a  governor,  213. — Conical  pendulum,  215. — Parabolic  action,  216. — 
Original  Watt  governor,  217. — Parabolic  governor,  218.— Mode  of  laying 
down  approximate  parabolic  governor,  219. — Description  of  governor, 
221. — Particulars  of  governors  at  work,  222. — Increased  error  in  ordinary 
Watt  governors,  223. 

Z>isc?mw».— Head,  J.,  224,  227,  228.  —  Olrick,  L.,  224,  228.— 
Ramsbottom,  J.,  228. -Siemens,  C.  W.,  226.— Thompson,  W.,  228. 

GOVEENOE,  Paper  on  the  Allen  governor  and  throttle-valve  for  steam  engines, 
by  F.  W.  Kitson,  1873,  47. — Watt  governor  inefficient  for  sudden  change 
in  load,  47. — Allen  governor  successful  in  rolling  mill,  48. — Detailed 
description,  49. — Spiral  adjusted  to  nature  of  load,  50. — Weight  adjusted 
to  required  speed  of  engine,  51. — Special  packing  in  stuffing-box  of  oil- 
cylinder,  52. — Governor  driven  by  gearing  better  than  belt,  52. — Throttle- 
valve  construction,  52. — Ratio  of  area  of  valve  to  engine-cylinder,  53. — 
Particulars  of  governors  in  use,  54. 

Disaussion. — Bramwell,  F.  J.,  58.— Brogden,  H.,  59.— Olrick,  L.,  59.— 
Siemens,  C.  W.,  57,  58,  60.— Walker,  B.,  56,  57.— Whitley,  J.,  55,  58. 

GOVEENOE,  Cheonometetc,  Paper  on  an  improved  governor  for  steam  engines, 
by  C.  W.  Siemens,  1853,  75.  —  Defects  of  Watt  governor,  76.  —  Hick's 
fly  governor,  77.  —  Pneumatic  or  cataract  governors,  78.  —  Siemens' 
chronometric  governor,  79. — Heavy  conical  pendulum  and  break,  80. — 
Applications  and  delicacy  of  action,  81.  —  Modified  form  of  governor, 
82. — Great  power  of  action  on  valve,  82.  —  Improved  throttle-valve,  82. 

i>iSC!mio7i.— Blackwell,  S.  H.,  85,  86,  87.— Clift,  J.  E.,  86.— Cowper,  C, 
86.— May,  C,  86.— McConnell,  J.  E.,  84.— Siemens,  C.  W.,  83,  84,  85,  86.— 
Slate,  A.,  83,  84. 

Governor,  Cheonometeic,  Paper  on  an  improved  chronometric  governor  for 
steam  engines,  &c.,  by  C.  W.  Siemens,  1866,  19.— Original  governor  with 
conical  pendulum,  19. — Substitution  of  open  parabolic  cup  lor  pendulum, 
20. — Description  of  improved  chronometric  governor,  21. — Differential 
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GovEENOB,  Cheonometeic  (continued). 

gear,  22.  —  Action  of  governor,  23.  —  Power  of  governor  to  maintain 
constant  speed,  24. — Chronometric  governor  for  regulating  clockwork,  &c., 
26. — Principles  of  action,  27.— Adjustment  of  rise  and  fall  of  cup,  29.— 
Electric  clock,  30.— Clock  may  be  tilted  out  of  vertical  position,  30. 

Biscimion.— Amos,  C.  E.,  41,  42.— Bramwell,  F.  J.,  34,  40.— Cowper, 
E.  A.,  34,  42.— Fairbairn,  W.,  37,  38,  39.— Napier,  R.,  32,  33,  34,  40,  42.— 
Neilson,  W.  M.,  40.— Siemens,  C.  W.,  32,  33,  34,  37,  39,  40,  41. 
Governor,  Marine,  Paper  on  a  marine  engine  governor,  by  P.  Jensen,  1859, 
92. — Necessity  of  governor  to  marine  engines,  92. — Former  governors, 
93, — Description  of  new  governor,  93. — Application  to  paddle  vessels,  94. 
Discussion.— 3 &r\B&n,  P.,  95.— Maudslay,  H.,  95,  96.— Smith,  W.,  94,  96. 
Governor,  Marine.    See  Escape  Valve,  1853,  117. 
Governor,  Safety,  for  Hoist.    See  Hoist  Governor,  1858,  269. 
Gow,  J.,  elected  Member,  1848,  Apl.,  23. 
GOWENLOCK,  A,  H.,  elected  Member,  1871,  21. 
Grainger,  J.  N.,  elected  Graduate,  1869,  277. 
Grainger,  T.,  elected  Member,  1848,  Apl.,  23. 
Granet,  J.  A.,  elected  Member,  1858,  266. 

Grantham,  J.,  Double-Cylinder  Engines,  cause  of  excess  of  pressure  at  end  of 
stroke,   1862,   271. — Economy   of   double  cylinder  engines,   272. — High 
pressure  necessary  for  great  economy,  273. — Various  arrangements  of 
double-cylinder  engines,  274. 
Telegraph    Cables,    cable-sheathing    not    exposed  to  same    conditions  as 
ship-sheathing,  1862,  233. — Siemens'  cable  likely  to  prove  durable,  233, 
Gray,  James,  elected  Member,  1848,  Apl.,  23, 
Gray,  John,  elected  Member,  1847. 

Gray,  Sir  John,  Eock-Boring  Machine,  difficulty  of  working  in  small  tunnel 
either  by  hand  or  by  machine,  1865,  198. 
Water  "Works,  Dublin,  hardness  of  Dublin  well  water,  1865,  209.— Mode  of 
charging  for  water  supply,  210. — Supply  of  Glasgow  and  Manchester, 
211. — Periodical  flushing  of  sewers  preferable  to  continuous  small 
stream,  213. 
Geay,  J,  M.  F.,  elected  Member,  1865,  218. 

Air  Engine,  Heated,  very  little  effective  pressure  in  middle  of  stroke,  1873, 
78. — Mean  effective  pressure  very  low,  78. — Air  not  capable  of  one  third 
the  expansion  of  steam,  79. 
Hydraulic  Machines,  difficult  to  apply  machine  riveters  to  shipbuilding, 
1872, 204. — Hydraulic  riveter  better  than  steam  riveter.  204. — Compressed- 
air  riveter,  204. 
Marine  Engines,  variation  in  tangential  force  absorbed  by  inertia  of 
vessel,  &c.,  1872,  168.  —Flywheel  to  reduce  loss  by  slip,  IGQ.—rlmportant 
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to  have  high-pressure  cylinder  large  enough  in  compound  engines,  170. — 
Desirable  not  to  hare  too  high  steam-pressure,  170. 
Pumping  Engines,  sudden  rise  of  pressure  on  closing  of  air-pump  valve, 
1867,  2i7. — Wear   of  valves  from  irregular  opening,  248. — Grids  with 
series  of  round  holes,  252. 
Riveter,  Portable  Steam,  riveting  a  ship's  side,  1865,  138. — Speed  of  riveting, 
139. — Weight  of  hammer  piston,  139. — Steam  pipe,  139. — Allowance  for 
rivets  not  square  to  plate,  141. — Cost  of  machine,  144. — Cost  of  riveting, 
144. — Experiment  to  test  durability  of  machine,  145. 
Steering  Engine,  Steam,  Paper  on  the  steam  steering  engine  in  the  "  Great 
Eastern  "  steamship,  1867,  267. — Very  little  lap  to  slide-valves,  281. — 
Failm-e  of  plan  of  steering  by  main  screw,  283. — Steering  much  more 
prompt   with  rudder  than   with    twin   screws,  285. — Steering    without 
headway,  286. — Yielding  of  rudder  to  excessive  strain,  287. 
Surface  Condensers,  pitting  of  boiler  due  to  particles  of  brass  from  tubes, 
1863,  157. — Objectionable  to  use  same  water  repeatedly  for  boilers,  158, 
Gray,  M.,  elected  Member,  1870,  125. 
Great  Eastebk  Steamship,  Steering  Engine.    See  Steering  Engine,  Steam, 

1867, 267. 
Greaves,  C,  Cornish  Pumping  Engines,  Paper  on  the  relations  of  power  and 
efEect  in  Cornish  pumping  engines  over  long  periods  of  working,  1862, 
147. — Clearance     space    in    cylinder,  159.— Very    great    expansion    not 
desirable  in  single-cylinder  engines,  160. — Working  expenses,  cost,  &c., 
161. — Duty  of  Cornish  engines,  167. 
Water  Meter,  piston  meters  not  successful,  1856,  119. — Working  of  Siemens 
meters,  120. 
Greaves,  J.  H.,  elected  Member,  1870,  61. 

Green,  C,  elected  Member,  1848,  Apl.,  23. — Decease,  1867,  2. — Memoir,  14. 
Green,  E.,  Jun.,  elected  Member,  1861,  109. 
Green's  Fuel  Economiser.     See  Fuel  Economiser,  1857,  196. 
Greener,  J.  H.,  elected  Member,  1871,  262. 
Greenwell,  G.  C,  elected  Member,  1867,  18. 

Greenwood,  T.,  elected  Member,  1858,  45.— Council,  1868,  19.— 1870,  18.— 
1873,  24. 
Cartridge  Machinery,  Paper  on  the  machinery  for  the  manufacture  of  the 
Boxer  cartridges,  1868,  105.— Difficulty  in  making  base  of  cartridge 
strong  enough  to  stand  explosion,  129. — Great  accuracy  requisite  in 
fitting  base-cup  punches,  130. — Copper  not  very  successful  for  base  cups, 
131. — Accuracy  of  weight  of  bullet,  132. — Weight  of  complete  cartridge, 
133. — Eepeating  rifles,  133. — Blank  cartridges,  134. 
Disintegi-ator,  successful  in  preparing  roman  cement,  1872,  43. — No 
fermentation  in  flour  ground  with  steel  rollers  because  not  heated,  50, 
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File-Cutting  Machine,  Bernot's,  Paper  on  file-cutting  machinery,  1859, 
131. — Cost  of  cutting  bastard  files  by  hand  and  by  machine,  142. — 
Increased  durability  of  chisel  when  used  in  machine,  142. — Rapidity  of 
cutting  round  files,  144. — Zinc  bed  for  file  to  rest  on,  146. 
Flax-Spinning  Machinery,  Paper  on  machinery  employed  in  the  preparation 
and  spinning  of  flax,  1865,  103. — Cost  of  flax  mill,  123. — China  gi-ass, 
123. — Preparing  china  grass,  125. — Mixing  with  wool  or  silk,  126. — Room 
for  further  improvements  in  flax  machinery,  128. 
Gunstock  Machinery,  Paper  on  machinery  for  the  manufacture  of  gunstocks, 
1862,  328. — Rate  of  production  of  gunstocks  by  machines,  335. — Speed  of 
cutters,  337. — Cost  of  machines,  337. — Adjusting  position  of  gunstock  in 
machines,  337.  —  Time  for  putting  together  a  gun  complete,  339. — 
Copying  lathe  originated  in  England,  340. 

Gregort,  J.,  elected  Member,  1857,  232. 

Greig,  D.,  elected  Member,  1865,  53. 

Crane,  difiicult  to  keep  cotton  ropes  in  repair,  1868,  169. — Strain  on  wire 

rope,  170. 
Steam  Cultivation,  Paper  on  the  application  of  steam  power  to  cultivation, 
1865,  55. — Difliculty  of  comparing  cost  of  steam  and  horse  cultivation, 
79. — No  necessity  for  clod-crushers,  &c.,  after  steam-ploughing,  82. — 
Power  of  engines,  84. — Traction  engine  not  successful  for  ploughing, 
86. — Effect  of  steam  ploughing,  86. — Use  of  steam  ploughs  for  sugar  and 
cotton  plantations,  87. — Draining  plough,  88. — Large  stones  turned  up 
without  injury,  89.  —  Cost  of  machine,  89.  —  Durability  of  ropes,  90. — 
Best  size  of  fields,  91. 

Gricb,  E.  J.,  elected  Member,  1866,  17. 

Grice,  F.  G.,  elected  Member,  1860,  250. 

Grierson,  H.  H.,  elected  Member,  1868,  212. 

Griffiths,  J.  A.,  elected  Associate,  1873,  88. 

Griffiths  Screw  Propeller.    See  Screw  Propeller,  1852,  163. 

Grimshaw,  "W.  D.,  elected  Member,  1865,  53. 

Compressed-Air  Hammer,  Paper  on  a  high-speed  compressed-air  hammer, 
for  planishing,  stamping,  forging,  &c.,  1865,  94. — Alteration  of  working 
pressure,  97. — Speed  of  blows,  97. — Cost,  98. — Drawing-down  steel,  98. — 
Durability  of  working  parts,  100. 

Grover,  G.  E.,  Capt.,  elected  Member,  1871,  117. 

Grosmont  Iron  Works.     See  Iron  Works,  1863,  225. 

Grubb,  T.,  Printing  Machine  for  Bank  Notes,  Paper  on  the  bank-note  printing 
machine  at  the  Bank  of  Ireland,  1865,  166. — Pressure  on  printing  roller, 
174. — Process  of  engraving  the  steel  plates,  174. — Renewing  impression 
on  steel  plates,  175. 
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GUEBGUIN,  P.  A.  H.,  elected  Member,  1858,  12. 

GuiBAL  Ventilating  Fan.     See  Ventilating  Fan,  1869,  78,  140. 

Guilford,  F.  L.,  elected  Member,  1870,  125. 

Gun  Manufacture.    See  Rifled  Gun  Manufacture,  1862,  125. 

Guns,  Proof  of,  by  Measurement,  Paper  on  the  proof  of  guns  by  measurement, 
with  description  of  the  instrument  employed,  by  J.  Whitworth,  1866.  105. 
— Proportions  of  projectile  and  charge,  105. — Description  of  measuring 
instrument,  106.— Trials  of  70-pounder  "VNTiitworth  gun,  107. 

Discusswii.—BTSimvreU,  F.  J..  110,  111.— Fairbairn,W.,  109,  113,  114.— 
Fothergill,  B.,  110.— Kennan,  J.,  113.— Maudslay,  H.,  113.— Napier,  R,, 
110,  114.— Whitworth,  J.,  109,  110,  111,  113,  114. 

Gunstock  Machinery,  Paper  on  machinery  for  the  manufacture  of  gunstocks, 
by  T.  Greenwood,  1862,  328. — Series  of  operations  in  manufacture  of 
gunstocks,  329. — Lock-bedding  machinery,  330. — Mode  of  compensating 
for  wear  of  drills,  331. — Shaping  machine  with  revolving  cutters  for 
shaping  gunstock  between  the  bands,  332. 

Discussion.— Beyer,  C.  F.,  335,  336,  337,  338,  340.— Bramwell,  F.  J., 
338,  339,  310.— Fernie,  J.,  339.— Greenwood,  T.,  335,  336,  337,  338,  339,  340. 

GUBDEN,  C.  F.,  elected  Member,  1866,  17. 

Marine  Engines,  compound  engines  generally  more  efficient  than  single- 
cylinder,  1872,  175. — Centrifugal  pump  better  than  reciprocating  for 
surface  condensers,  176. — Advisable  to  have  damper  in  funnel,  176. 

GWYNNE,  J.,  elected  Member,  1870,  61. 

GWYNNE,  J.  E.  A.,  elected  Member,  1870,  61. 

GwYTHER,  E.,  elected  Honorary  Member,  1850,  Apl.,  30. 

Gyroscope,  Fessel's,  description  of,  1854,  106. 

H. 

Hackney,  W.,  elected  Honorary  Member,  1863,  247. 

Wire-Rope  Bridge,  Paper  on  a  wire-rope  bridge  at  the  Landore  Steel  Works, 
for  conveying  materials  across  a  navigable  stream,  1870,  249. — Cost  of 
bridge,  255. — Cost  and  rate  of  working,  255. 

Haddan,  J.  C,  elected  Member,  1847. 

Haden,  W.,  elected  Member,  1861,  109. 

HEMATITE  Iron  Manufacture.    See  Iron  Manufacture,  Hasmatite,  1871,  18. 

Hackhe,  p.,  elected  Member,  1861,  109. 

Rope  Manufactm-e,  hemp  should  not  undergo  too  much  preparation,  1862, 
203. — Test  for  yarn,  203. — Machine-made  ropes  superior  to  hand-made, 
205. — Steel  wire  not  much  stronger  than  iron,  206.— Strength  of  iron 
wire  ropes,  and  of  hemp  ropes,  207. — Strength  of  steel  wire  ropes,  208. — 
Hemp  ropes  advantageous  if  not  too  long,  208. 
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Halkett,  J.  C,  elected  Member,  1864,  271. 

Hall,  John,  elected  Honorary  Member,  1865,  20. 

Hall,  Joseph,  elected  Member,  1863,  246. 

Hall,  W.,  elected  Member,  1857,  201. 

Iron  Works,  Bound  Oak,  steam  hammer  better  than  helve  for  shingling, 
1860,  221. 

Hall,  W.  S.,  elected  Member,  1871,  65. 

Halpin,  D.,  elected  Member,  1871,  21. 

Hamand,  a.  S.,  elected  Member,  1870,  19. 

Hambling,  T.  C,  elected  Member,  1869,  77. 

Hamilton,  G.,  elected  Member,  1860,  89. 

Pumping  Engines,  Paper  on  the  Crossness  pumping  engines  for  the 
Metropolitan  Main  Drainage  Works,  1867,  236. — Consumption  of  coal, 
243. — Breakage  of  flaps  with  narrow  seats,  246. — Leather  valves  probably 
best  for  sewage,  253. — India-rubber  disc-valves,  great  loss  of  area  of 
opening,  253. — Duty  of  Crossness  engines  double  that  of  best  centrifugal 
pump,  254. 

Hammer,  Compressed-Aie,  Pajyer  on  Waterhouse's  compressed-air  forge 
hammer,  by  C.  F.  Beyer,  1858,  118. — Description  of  hammer,  118.— 
Adjustment  of  force  of  blow,  119. — Facility  of  control,  120. 

Discussion.— ^ndh,  E.,  122.— Froude,  W.,  122,  123.— Marshall,  W.  P., 
122.— Maudslay,  H.,  122.— Penn,  J.,  121,  123.— Siemens,  C.  W.,  121,  123. 
— Waterhouse,  T.,  121,  122. 

Hammer,  Compressed-Air,  Paper  on  a  high-speed  compressed-air  hammer, 
for  planishing,  stamping,  forging,  &c.,  by  W.  D.  Grimshaw,  1865,  94. — 
General  description  of  hammer,  94. — Air-pump,  94. — Slide-valve,  95. — 
Adjustment  of  speed  of  blows,  95. — Special  features,  96. 

Discussion. — Adames,  C.  H.,  99. — Bellhouse,  E.  T.,  97. — Bramwell, 
F.  J.,  97,  98,  99,  100.— Carbutt,  E.  H.,  98.— Grimshaw,  W.  D.,  97,  98,  99, 
100.— Richardson,  W.,  97,  99. 

Hammer,  Friction,  Paper  on  an  improved  friction  hammer,  by  J.  Kitson, 
1854,  133. — Description  of  hammer,  133. — Friction  break,  134. — India- 
rubber  springs  to  prevent  shock,  135. 

Discussion. — Fairbairn,  W.,  135,  136,  137.— Fernie,  J.,  137. — Johnson, 
W.  B.,  137.— Lloyd,  Sampson,  136. — Lloyd,  Samuel,  Jun.,  137. — 
McConnell,  J.  E.,  136,  137.— Middleton,  W.,  136. 

Hammer,  Horizontal  Duplex,  Paper  on  a  30-ton  horizontal  duplex  hammer, 
by  J.  Ramsbottom,  1867,  218. — General  description,  218. — Hammer  tups, 
2i9._Wheels,  219.— Piston-rods,  219.— Valve-chests,  220.— Connecting 
screw,  220. — Girders  and  foundation,  221. — Ingot  trucks  and  rocking 
table,  221.— Truck  for  ordinary  ingots,  222.— Tyre  truck,  223.— Truck  for 
bars,  224.— Truck  for  long  shafts,  224.— Peel  bar,  225.— Character  of 
work,  225. — Chief  advantages,  226. 
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Hammeb,  Hoeizontal  Duplex  (continued). 

Discussio7i.— Cochrane,  C,  228.— Penn,  J.,  227,  229.— Eamsbottom,  J., 
227,  228,  229. 

Hammer,  Steam,  Paper  on  an  improved  steam  hammer,  by  E.  Morrison,  1855, 
8. — Objections  to  Nasmyth  and  Condie  hammers,  8. — Description  of 
improved  hammer,  9. — Steam  pressure,  9. — Slide-valve  and  gear,  11. — 
Convenience  of  working,  12. 

Discussion. — Beyer,  C.  F.,  17. — Chellingworth,  T.  T.,  14. — Cowper, 
E,  A.,  16.— Fairbairn,  W.,  13,  U,  17.— Fenton,  J.,  14.— Forsyth,  T.,  14.— 
Fothergill,  B.,  17.— Henderson,  J.,  15.— Maudslay,  H.,  16.— May,  W.,  14.— 
Morrison,  K.,  13,  14. 

Hammer,  Steam,  Paper  on  Naylor's  double-acting  steam  hammer,  by  C. 
Markham,  1857,  233. — Introduction  of  high-speed  hammers,  233. — Effect 
of  height  of  fall,  and  of  double-action  of  hammer,  234. — Description  of 
improved  hammer,  235. — Adjustment  of  valve  to  work  single  or  double- 
acting,  235. — Valve  gearing  and  sliding  wedges,  236. — Small  hammer  for 
riveting,  237. — Advantages  of  double-acting  hammer,  238. 

i)tscMS5ioft.— Eastwood,  J.,  239,  240.— Lloyd,  Sampson,  239,  240,241.— 
Markham,  C,  239.— Naylor,  W.,  240,  241. 

Hammer,  Steam,  Paper  on  a  steam  hammer  for  light  forgings,  by  R.  Peacock, 
1860,  284. — Description  of  hammer,  284. — Valve  with  adjustable  lap, 
284. — Fastening  of  piston-rod  to  hammer-head,  285, — Indicator  diagrams 
and  results  of  working,  285. 

Z>4S«<ssio».— Bramwell,  F.  J.,  288,  290.— Cowper,  E.A.,  289.— Inshaw, 
J.,  292.— Markham,  C,  289.— Maudslay,  H.,  287,  292.— Naylor,  W.,  291.— 
Peacock,  R.,  287,  289,  290,  291,  292.— Siemens,  C.  W.,  289.— Williams, 
R.,  290. 

Handley,  W.,  Railway  Break,  Paper  on  an  improved  break  for  railway 
carriages,  1852,  19, 

Hannah,  J.  E.,  elected  Member,  1870,  61. 

Harding,  G.  E.,  elected  Member,  1870,  125. 

Harding,  J.,  elected  Member,  1858,  79.— Decease,  1872,  2.— Memoir,  17. 

Harding,  W.,  elected  Member,  1847. 

Hardy,  J.,  elected  Member,  1866,  17, 

Harfield,  W,  H.,  elected  Member,  1869,  20, 

Harlow,  J.,  elected  Member,  1849,  July,  39. 

Harman,  H.  J.,  elected  Member,  1873,  250. 

Harman,  H.  W.,  elected  Member,  1859,  247. 

Boiler    Construction,   gusset    stays   should  not  be   omitted,    1859,  225. — 
Importance  of  good  circulation  ;  mechanical  means  of  effecting  this,  225. 
Railway  Bridge  Piers,  difficulty  in  sinking  iron   cylinders  in  the   Trent, 
1863,  24, 
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Harmak,  H.  W.  (continued). 

Ships,  Iron,  punched  holes  in  some  respects  better  than  drilled  for  riveting, 
1863,  142. 
Hareis,  R.  H.,  elected  Member,  1873,  45. 
Harrison,  G.,  elected  Member,  1856,  49.  — Council,  1862,  19.—  1865,  19.— 

1868,  19.— 1870,  18.— 1872,  25. 
Harrison,  J.  E.,  elected  Member,  1871,  117. 
Harrison,  T.  E.,  elected  Member,  1858,  45. 
Harrison,  W.,  elected  Member,  1865,  218. 
Harrison,  W.  A.,  elected  Member,  1865,  102. 

Harrison  Cast- Iron  Steam  Boiler.     See  Boiler,  Cast-iron,  1864,  61. 
Hartas,  I.,  elected  Member,  1863,  113. 
Hartnell,  W.,  elected  Member,  1872,  75. 
Hartness,  J.,  elected  Member,  1871,  117. 

Hartree,  W.,  elected  Member,  1848,  Apl.,  23.— Decease,  1860,  2. 
Harvey,  E.,  Foundrj^,  steam  cranes  most  convenient  in  a  foundry,  1856,  171. 
Frictional  Gearing,  advantage  in  slipping  when  too  great   strain  occurs, 

1856,  211. 
Riveter,    Paper  on  an  unproved  steam  riveting,  punching,  and  shearing 
machine,  1856, 134. — Pressure  at  end  of  stroke  in  riveting,  137. — Rapidity 
of  working,  138. — Machine  regulated  by  hand,  138. 
Sugar  Evaporator,  Paper  on  an  improved  sugar  evaporating  apparatus,  1856, 
179. — Successful  working  of  Bour  pan,  181. — Preliminary  scumming,  183. 
Surface  Condenser,  mode  of  forming  joints  at  end  of  tubes,  1856,  192. 
Harvey,  "W.  B.  B.,  elected  Member,  1859,  13.— Decease,  1861,  2. 
Hassall,  H.  T.,  elected  Member,  1872,  254. 
Haste's  Safety  Valve.     See  Safety  Valve,  1859,  186. 
Haswell,  J.  A.,  elected  Member,  1858,  12. 

Break  Drums,  Paper  on  the  break  drums  and  the  mode  of  working  at  the 
Ingleby  Incline  on  the  Eosedale  branch  of  the  North  Eastern  Railwa)', 
1871,  200. — Saving  from  use  of  cast-iron  break  blocks  instead  of  wood, 
205. — Speed  of  working,  206. — Durability  of  cast-iron  break  blocks,  207. 
Railway  Switch,  Paper  on  an  improved  railway  switch,  1858, 171. 
Hatjghton,  S.  W.,  elected  Member,  1857,  55. 
Haward,  F.,  elected  Member,  1856,  79. 

Hawkes,  W.,   elected   Honorary   Member,   1857,    56. — Decease,    1863,    2. — 
Memoir,  13. 
Brick-Making,  absorption  of  water  by  bricks,  1859,  260. — Dimensions  of 
bricks  in  various  countries,  262. 
Hawkins,  C.  W.,  elected  Member,  1873.  25. 
Hawkins,  W.  B.,  elected  Member,  1861,  211. 
Hawksley,  C,  elected  Member,  1870,  61. 
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Hawksley,  T.,  elected  Member,  1856,  7.— Council,  1862,  19.— Vice-President, 

1868, 19.— 1869, 19.— 1870, 18.-1871, 20.— 1872, 25.— Council,  1873,  24. 
Boiler   Explosions,  carbonate  of   magnesia  more  injurious  to  plates  than 

carbonate  of  lime,  1870,  204. 
Coal-Cutting  Machinery,  compressed  air  superior  to  water  for  transmitting 

power  in  mines,  1868,  161. 
Cornish  Pumping  Engines,  double-acting  engines  in  most  cases  preferable  to 

single-acting  for  pumping,   1862,    168. — Cornish   engine  advantageous 

■where  fuel  is  very  expensive,  168. 
Double- Cylinder  Engines,  single-cylinder  best  where  load  uniform,  1862, 

279. — Double-cylinder  often  best  for  water  works,  280. — Limit  to  economy 

from  increased  expansion,  280. — Destructive  action  of  high-pressure  steam 

on  engine  and  boiler,  282. 
Pressure  Gauges,  Bourdon  and  diaphragm  gauges  both  failed  under  sudden 

heavy  pressures,   1871,  290. — Air-gauge  the  only  reliable  one  for  very 

high  pressures,  291. 
Steam  Boilers,  Mechanical  Firing,  chief  advantage  is  prevention  of  smoke, 

1869,  172. — Relative  economic  effect  of  large  and  small  coal,  174. 
Surface  Condenser,  reason  for'  Hall's  original  condenser  being  abandoned, 

1862,  111. — Experiment  on  horizontal  and  vertical  tubes,  119. 
Telegraph  Cables,  pure  metals  rapidly  destroyed  in  water,  1862,   237, — 

Conducting  core  of  large  diameter  necessary  for  long  cables,  238. 
Towing  Canal  Boats,  no  loss  from  oblique  pull  on  wire-rope,  1869,  270. — 

Canal    navigation    much   neglected,   271. —  Skeleton   locks   for  towing 

barges  through,  272. 
Valve  Gear,  indicator  figure  not  to  be  depended  on  alone,  1868,  188. — 

Friction  break  gives  erroneous  results,  188. 
Hawthorn,  R.,  elected  Member,  1848,  Apl.,  23.— Council,  1858,  12.-1861, 

IS.— Vice-President,   1864,    18.-1865,    19.  — 1866,    16.-1867,    17.— 

Decease,  1868,  2. — Memoir,  15. 
Hawthorn,  W,,  elected  Member,  1848,  July,  20. 
Hay,  J.  A.  C,  elected  Member,  1873,  87. 
Haynes,  T.  J.,  elected  Member,  1862,  314. 
Head,  Jeremiah,  elected  Member,  1859,  247.— Re-elected,  1869,  120. 

Engines,  Portable,  for  Mining,  experiment  showing  long  time  required  for 

complete  combustion,  1873,  180, — Proportion  of  fuel  falling  into  ash-pit 

in  different    boilers,    181.  —  Portable    engine    not    steady  enough  for 

permanent  work,   181. — Economy  of  Cornish  boilers  due  to  very  slow 

firing,  188. 
Governor,  Paper  on  a  simple  construction  of  steam-engine  governor  having 

a  close  approximation  to  perfect  action,  1871,  213. — Comparison  of  action 

with  Watt  governor,  224. — Action  of  spiral  spring  in  governor,  227. 
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Head,  Jeeemiah  (continued). 

Mining  District  of  Cornwall,   Cornish  iron  ore  valuable  as  fettling  for 

puddling  furnaces,  1873,  117. 
Towing  Canal  Boats,  no  loss  of  power  in  wire-rope  towing,  1869,  269. 
Head,  John,  elected  Member,  1860,  89. 
Head,  T.  H.,  elected  Member,  1858,  45. 
Headly,  J.  I.,  elected  Member,  1853,  75. 
Headly,  L.,  elected  Member,  1873,  87. 
Healey,  E.  C,  elected  Member,  1857,  201. 
Heane,  H.,  elected  Honorary  Member,  1848,  Apl.,  24. 
Heap,  W.,  elected  Member,  1872,  119. 
Heaeth  and  Tuyere.     See  Tuyere,  1855,  57. 
Heated-Air  Ekgine.     See  Air  Engine,  1873,  63. 

Heath,  W.  J.  W.,  elected  Member,  1862,  93.— Decease,  1870,  2.— Memoir,  14. 
Heath's  Eailway  Beeak.     See  Break,  Eailway,  1853,  156. 
Heathcote,  C,  elected  Member,  1848. 
Heathfield,  K.,  elected  Member,  1864,  59. 
Heaton,  G.,  elected  Member,  1860,  89. 

Condensing  Engine,  Paper  on  the  importance  of  making  a  compensation  for 
the  pull  of  the  air-pump  bucket  in  the  condensing  steam  engine,  1850, 
Apl.,  26. 
Heaton,  J.,  elected  Member,  1868,  212. 

Heaton,  E.,  Steam  Eoad  Eoller,  annual  saving  from  use  of  roller,  1869,  111. 
Hedley,  J.,  elected  Member,  1858,  79.— Decease,  1865,  2.— Memoir,  15. 
Hemp  Eope  Manufacture.     See  Eope  Manufacture,  1862,  170. 
Henderson,  D.  M.,  elected  Member,  1869,  20. 

Henderson,  J.,  Original  Member,  1847.— Council,  1855,  5.— Vice-President, 
1856,  6.— Decease,  1859,  2. 
Nasmyth  Girders,  cast  iron  preferable  to  wrought  iron  for   arched  rib, 

1849,  Oct.,  31. 
Steam  Hammer,  importance  of  elastic  foundation  for  anvil,  1855,  15. — 
Hammer  supported  on  long  girders,  15. 
Hennet,  G.,  Original  Member,  1847. — Decease,  1858,  2. 
Henson,  H.  H.,  elected  Member,  1850,  Apl,,  30. 

Eailway  Wagons,  Paper  on  improvements  in  the  construction  of  railway 
wagons,  1851,  July,  3. 
Heptisstall,  J.,  elected  Member,  1865,  102. 
Hetherington,  J.  M.,  elected  Member,  1865,  102. 

Boiler,    Cast-iron,     Harrison,     very     successful     working,    1864,     89.  — 
Temperature  of  waste  heat,  89. — Saving  of  coal,  90. 
Hetheeington,  T.  E.,  elected  Member,  1866,  17. 
Hetherington,  W.  I.,  elected  Member,  1864,  121. 
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Hewett,  E,  E.,  elected  Graduate,  1865,  54. 

Hbwitson,  W,  W.,  elected  Member,  1848,  July,  20.— Decease,  1864,   2  — 

Memoir,  17. 
Hewlett,  A.,  elected  Member,  1872,  119. 
Hewlett,  W.  H.,  elected  Associate,  1872,  26. 
Heywood,  J.,  Decimal  Measure,  Inch  and  Metre,  advantages  from  introduction 

of  metric  system,  1865,  45. 
Hick,  J.,  Original  Member,  1847.  -Ke-elected,  1871,  65.— Council,  1872,  25. 
Starting  Apparatus,  Pajjer  on  a  starting  and  disengaging  apparatus,  1849, 

Jan.,  16. 
Hickman,  G.  H.,  elected  Member,  1853,  75.— Ke-elected,  1866,  55. 
Hide,  T.  C,  elected  Member,  1864,  271. 
High-Pbessuke  Boiler.    See  Boiler,  High-Pressure,  1848,  July,  11.— 1859, 

264.-1861,  30,  94.-1871,  229. 
High-Pbessuee  Ekgine.    See  Boiler,  High-Pressure,  1861,  94. 
HiGSON,  J.,  elected  Member,  1870,  61. 
Hildebrandt,  J.  A.  R.,  elected  Member,  1873,  88. 
Hill,  A.  C,  elected  Member,  1871,  262. 

Blowing    Engines,   Paper  on   the   improved    compound-cylinder   blowing 

engines  at  the  Lackenby  Iron  Works,  Middlesbrough,  1871,  175. 
Blowing  Engines,  Paper  on  the  working  of  the  improved  compound-cylinder 

blowing    engines  and   Howard  boilers  at   the  Lackenby  Iron  Works, 

Middlesbrough,    1872,   274.  —  No  trouble   with  balanced   valves   after 

first  adjustment,  281. — Time  and  labour  requisite  for  cleaning  Howard 

boilers,    285.  —  Lackenby    blowing    engines    highly    satisfactory,    and 

considerable  economy,  287. — Saving  in  cost  of  water  per  ton  of  iron 

made,  287. 
Hill,  H.  W.,  elected  Graduate,  1867,  60. 
Hill,  I.,  Coal-Cutting  Machine,  very  serviceable  in  long-wall  workings,  1864, 

293. — More  applicable  to  thin  than  to  thick  seams,  294. 
Hilton,  F.,  elected  Member,  1873,  45. 
Hind,  H.,  elected  Member,  1869,  120. 
Hind,  E.,  elected  Member,  1863,  113. 
Hingley,  S.,  elected  Member,  1862,  47. 
HoBBS,  A.  C,  elected  Member,  1859,  53. 
HoBY,  J.  W.,  Original  Member,  1847. 

Permanent  "Way,  Paper  on  the  construction  of  permanent  way,  1849, 

Apl.,  21. 
Hodge,  p.  E.,  Original  Member,  1847. 

Axlebox  and  Crossing,  Paper  on  a  new  self -lubricating  axlebox  for  railway 

engines  and  carriages,  and  a  self-acting  spring  crossing  point,  1852,  213. 
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HODaE,  P.  R.  (continued). 

Locks,  Paper  on  the  progress  of  improvements  in  locks  in  the  United  States 

of  America,  1851,  June,  16. 
Marine  Engines,  Allen's  proposed  engine  too  short  in  cylinders,  1855, 119. — 

High  pressures  used  in  American  steamers,  121. 
Station  Buffer,  resisting  power  of  teeth  doubtful,  but  better  principle  than 

spring,  1849,  Jan.,  14. 
Tuyere,  American  hearth  with  vertical  tuyere  at  bottom,  1855,  128. 
Hodges,  P.,  elected  Member,  1870,  19. 
HODGKIN,  J.  E.,  elected  Member,  1854,  5, 

Furnace  Yalve,  Paper  on  Prideaux's  self-closing  valve,  for  preventing  smoke 
in  steam-boiler  and  other  furnaces,  1854,  111. 
HODGKixsox,  E.,  elected  Honorary  Life  Member,  1849,  Jan.,  9.  —  Decease, 

1862,  3.— Memoir,  14. 
Hodgson,  C,  elected  Member,  1866,  55. 

Peat  Fuel,  Paper  on  the  manufacture  of  compressed  peat  fuel,  1865,  147. — 
Value  of  peat  fuel,  154.— Not  suitable  for  blast  furnaces,  154. — Importance 
of  air-drying  peat  before  removal  from  bog,  157. — Gas  from  mixture  of 
peat  and  cannel  coal,  159. — Time  of  drying,  160. — Space  occupied  by  a  ton 
of  peat,  160.— Wire  ropes  not  applicable  for  working  the  harrows,  161. — 
Durability  of  steel  tube  of  press,  161. — Drying  by  current  of  hot  aii-  not 
practicable,  163. 
Hodgson,  R.,  elected  Member,  1858,  79. 

Bridge,  Hydraulic  Swing,  construction  and  testing  of  piers,  1869,  128. 
Hoist  and  Cupola,  Paper  on  an  improved  foundry  hoist  and  cupola,  by 
J,  Fernie,  1856,  49. — Particulars  of  working,  50. — Description  of  hoist, 
50. — Weight  lifted,  51. — Ireland's  cupola,  52. — Mode  of  charging,  52. — 
Repairing,  53. — Lloyd's  blowing  fan,  54. — Prevention  of  noise  in  working 
of  fan,  55. — Consumption  of  fuel.  56. 

Discussion. — Beyer,  C.  F.,  56. — Cochrane,  A.  B.,  67. — Fernie,  J.,  56, 
57,  58.— Fothergill,  B.,  56,  57,  58.— Williams,  R.,  56.— Wright,  H.,  57. 
Hoist  Governob,  Paper  on  a  safety  hoist  governor,  by  B.  Fothergill,  1858, 
269. — Principle   of   action,   and   description  of   governor,   269. —  Safety 
catch  for  breakage  of  winding  rope,  270. 

Discussion. — Fothergill,  B.,  271,  272,  273. — Lloyd,  Sampson,  273. — 
Maudslay,  H.,  272,  273.— Siemens,  C.  W.,  272.— Smith,  W.,  271. 
HOLCEOFT,  J.,  elected  Member,  1852,  9. 
HoLCROFT,  T.,  elected  Member,  1866,  55. 
Holiday,  J.,  elected  Member,  1871,  117. 
Holland,  G.,  elected  Graduate,  1867,  60. 
HOLLIDAY,  J.,  elected  Member,  1865,  102. 
Hollow  Railway  Axles.    See  Axles,  1853,  87. 
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HOLEOYDE,  J.  B.,  elected  Honorary  Member,  1859,  54. 

Holt,  F.,  elected  Member,  1863,  2i6. 

Counter-pressm-e  Steam  Break,  early  trial  of  counter-pressure  working  on 
South  Staffordshire  Kailway,  1870,  54. 

Holt,  H.  P.,  elected  Member,  1873,  25. 

Holt,  W.  L.,  elected  Member,  1867,  59. 

Homer,  C.  J.,  elected  Member,  1867,  234. 

Homer  Hill  Colliery,  Ventilating  Fan.    See  Ventilating  Fan,  1869,  78, 

HoMERSHAM,  S.  C,  elected  Member,  1848,  July,  20. 

Hopkins,  J.  I.,  elected  Member,  1860,  89. 

Hopkins,  J.  S.,  elected  Member,  1866,  17, 

Hopkins,  T.,  Telescope,  Equatorial,  adjustment  of  regulating  syphon,  1855, 142. 
— Rate  of  flow  of  water  at  different  temperatures,  143. 

HOPKISSON,  J.,  elected  Member,  1856,  7. 

Hopper,  G.,  elected  Member,  1858,  80. 

Hopper,  W.,  elected  Member,  1867,  18. 

HoRNBLOWER,  J.  W.,  elected  Honorary  Member,  1864,  60, 

HOREOCKS,  S.,  elected  Member,  1867,  18. 

HOESLEY,  C,  elected  Member,  1873,  88. 

HOESLEY,  T.,  Jun.,  elected  Member,  1868,  20. 

HoESLEY,  W.,  Jun.,  elected  Member,  1858,  80. 

HoETON,  E.,  elected  Member,  1868,  43. 

HOETON,  Gr.,  elected  Member,  1871,  65. 

HoETON,  John,  Original  Member,  1847. 

HOETON,  Joshua,  elected  Member,  1851,  ApL,  45. 

HoETON,  T.  E.,  elected  Member,  1867,  59. 

HOSKIN,  E.,  elected  Member,  1873,  88. 

HOSKING,  J.,  elected  Member,  1858,  12. — Decease,  1872,  2.— Memoir,  17. 

Pump  Valves,^  Paper  on  imjjrovements  in  pump  valves,  1858,  249. — Lift  of 
large  valves,  254, 

HoSKiNG,  J.,  Jun.,  elected  Member,  1873,  45. 

HoSKYNS,  C.  W.,  Steam  Cultivation,  questionable  whether  plough  is  best  form 
of  steam-power  cultivator,  1857,  70. 

Hot-Blast  Stoves,  Paper  on  the  construction  of  hot-blast  ovens  for  iron 
furnaces,  by  H.  Marten,  1859,  82, — Old  belief  that  the  colder  the  blast, 
the  better  the  yield  of  blast  furnace,  62. — Neilson's  first  hot-blast 
apparatus,  63. — Cast-iron  heating  retort,  64. — Long  heating  pipes  in  flues, 
giving  blast  of  600'  Fahr.,  64. — First  real  cast-iron  tubular  oven,  66. — 
Fii'st  application  of  waste  heat  at  tunnel-head  to  heating  the  blast,  68. — 
Syphon-pipe  oven,  69.r— Various  forms  of  continuous-pipe  ovens,  70. — 
Double  and  triple  ovens  for  greater  supply  of  blast,  72.— Mode  of 
obviating  fracture  of  pipes  when  blast  shut  off  from    furnace,   73, — 
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Hot-Blast  Stoves  (continued). 

Fracture  of  syphon  pipes  from  expansion,  74. — Oven  with  one  main  on 
rollers  to  allow  for  expansion,  75.— Expansion  of  pipes  used  as  pyrometer, 
76.— Sections  of  various  oven  pipes,  76.— Improved  Staffordshire  ovens, 
77._Kound  oven  with  straight  upright  pipes,  80.— Eound  oven  with  core, 
82. — Oval  oven  with  core,  giving  blast  at  800°  Fahr.,  83. — Cleaning  the 
ovens,  84. — Gauntlett's  pyrometer  very  useful,  85. — Consumption  of  coal, 
86. 

Discussion.— 'ETeritt,  G.  A.,  88.— Lloyd,  Sampson,  87,  88,  89.— Lloyd, 
Samuel,  90.— Marten,  H.,  87,  89,  91.— Maudslay,  H.,  87,  89,  90.— 
Smith,  W.,  89. 

Adjourned  Discussion. — Brown,  R.,  107. — Jones,  E.,  107. — Markham, 
C,  106.— Marten,  H.,  101,  104,  108,  109.— Maudslay,  H.,  78.— Neilson, 
J.  B.,  98,  105,  108.— Smith,  H.,  108.— Whitworth,  J.,  104,  107,  108,  109. 
Hot-Blast  Stoves,  Pa;per  on  the  further  economy  of  fuel  in  blast  furnaces, 
derivable  from  the  high  temperature  of  blast  obtained  with  Cowper's 
improved  regenerative  stoves  at  Ormesby,  and  from  increased  capacity 
of  furnace,  &c.,  by  C.  Cochrane,  1870,  62. — Description  of  stoves,  62. — 
Purifying  blast-furnace  gas  from  dust,  64. — Improvements  in  construction 
of  regenerator,  65. — Hot-blast  valve,  66. — Provision  for  expansion  of 
brickwork,  66. — Capacity  of  stoves,  67. — Temperature  of  escaping  gas, 
67. — Temperature  of  blast,  68. — Cost  of  stoves,  69. — Annual  cost  of 
regenerative  and  of  cast-iron  stoves,  70. — Fluctuation  in  temperature  of 
blast,  71. — Saving  of  coke  from  increased  temperature  of  blast,  72. — 
Saving  of  coke  from  increased  capacity  of  fui-nace,  74. — Highly  heated 
blast  beneficial  for  anthracite  furnaces,  79. — Economy  probable  from 
reduction  of  ore  before  chargiog  into  furnace,  79. 

Discussion. — Addenbrooke,  G.,  107. — Bell,  I.  L.,  80. — Bramwell,  F.  J., 
100.— Cochrane,  C,  88,  102,  107.— Cowper,  E.  A.,  87,  91,  105,  108.— 
Eamsbottom,  J.,  88,  108.— Eose,  H.  F.,  107.— Whitwell,  T.,  94,  105. 

Hot-Blast  Stoves,  Eegenekative,  Paper  on  some  regenerative  hot-blast 
stoves  working  at  a  temperature  of  1800°  Fahr.,  by  E.  A.  Cowper, 
1860,  54. — Limited  temperature  of  blast  from  cast-iron  stoves,  54. — 
Regenerative  principle,  55. — Description  of  new  regenerative  hot-blast 
stoves,  57. — Hot- blast  valve,  57. — Temperature  of  blast,  58. — Pyrometer, 
59.  —  Stove  heated  by  waste  gas,  60.  —  Advantages  of  improved 
arrangement  of  stoves,  60. 

Discussion. — Bramwell,  F.  J.,  72. — Cochrane,  C,  69, 71. — Cowper,  E.  A., 
63,  70,  72.— Fernie,  J.,  72,  73.— Lloyd,  Samuel,  71.— Marshall,  W,  P., 
73.— Marten,  H.,  70.— Neilson,  J.  B.,  65,  69,  71.— Siemens,  C.  W.,  64, 
68,  73. 

Houghton,  J,  C.  A.,  elected  Member,  1866,  55. 
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HOWABD,  E.,  elected  Member,  1864,  19. 

HOWAED,  J.,  elected  Member,  1860,  13. 

HowABD,  R.  L.,  elected  Member,  1867,  59. 

Howard  Boilebs  at  Lackenby  Iron  Works.     See  Blowing  Engines,  1872,  274. 

Howe,  "W.,  elected  Member,  1860,  89. 

Colliery  "Working,  Midland,  only  small  lap  to  valves  of  winding  engines, 

1870,  167. — Endless  cbain  very  advantageous  for  hauling,  167. 
Cornish  Pumping  Engines,  description  and  cost  of  pumping  engine  at  Clay 

Cross  Colliery,  1862,  166. 
Pumping  Engine,  Paper  on  the  Cornish  pumping  engine  with  wrought-iron 
beam,  and  the  pit  work  at   Clay  Cross  Colliery,  1863,  248. — Cornish 
engine  less  liable  to  derangement  than  crank  engine,  262. — Clack  valves 
best  for  pumps,  264. — Cost  of  engine,  &;c.,  266. — Joints  of  rising  main,  266. 

Howell,  J.,  Original  Member,  1847. 

Howell,  J.  B.,  elected  Member,  1861,  109. 

HOTLB,  W.  J.,  elected  Member,  1866,  264. 

Hubee,  p.  E.,  elected  Member,  1862,  93. 

Hudswell,  W.  S.,  elected  Member.  1868,  212. 

Huff  AM,  F.  T.,  elected  Member,  1861,  53. 

Hughes,  G.  D.,  elected  Member,  1867,  18. 

Safety  Valve,  Paper  on  a  self-acting  safety  and  fire-extinguishing  valve 
for  steam  boilers,  1870,  219. — Opens  slowly  for  low  water  and  gives 
ample  warning  before  fire  put  out,  224. — Valves  with  very  small  faces 
most  reliable,  225. 

Hughes,  H.,  elected  Member,  1873,  25. 

Hughes,  John,  elected  Member,  1847. 

Hughes,  Joseph,  elected  Member,  1871,  262. 

Hulse,  W.  W.,  elected  Member,  1864,  271. 

HUilBEB,  W.,  elected  Member,  1857,  11. 

HUMPHEYS,  E.,  Original  Member,  1847.  —  Council,  1847.  — 1848.  — 1849, 
Jan.,  9.— 1851,  Jan.,  8.  — 1863,  14.  — 1866,  16.  — Decease,  1868,2.— 
Memoir,  15. 
Pump,  Horizontal  V,  friction  increases  directly  with  height  of  lift,  1864,  41. 
Surface  Condenser,  Paper  on  sm-face  condensation  in  marine  engines,  1862, 
99. — Means  of  washing-out  condenser,  106. — Condensing  surface  per  H.  P., 
110. — Cost  of  tape  packings,  111. — Condensing  surface  in  Hall's  original 
condensers,  113. — Experiment  with  condensers  of  "Mooltan,"  114. — 
Superheating  steam,  122. — Water  lubrication  for  cylinders,  123. 

Humpheys,  E.  H.,  elected  Graduate.  1866,  265. 

Hunstone,  W.  H.,  elected  Member,  1870,  19. 

HtnJT,  E.,  Marine  Engine,  Paper  on  a  direct-action  marine  engine  for  screw 
propulsion,  1856,  159. 
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Httnt,  J.  p.,  elected  Member,  1859,  53. 

Hunt,  T.,  elected  Member,  1856,  250. 

Kail  way  Springs,  Paper  on  a  new  construction  of  railway  springs,  1858, 160. 

Hunter,  J.  L.,  elected  Member,  1872,  75. 

Hunter,  M.,  Jun.,  elected  Member,  1862,  20. 

HURRT,  H.  C,  elected  Member,  1860,  13. 

Husband,  W.,  Engines,  Portable,  for  Mining,  experiments  on  evaporative  duty 
of  Welsh  coal  with  Cornisb  boilers,  1873,  178. — Portable  engines  good 
for  trial  shafts,  but  fixed  engines  best  for  permanent  working,  179. — 
Average  consumption  of  Cornish  engines,  179. — Compound  marine 
engines  very  low  consumption,  179. — Combined  horizontal  engine  for 
stamping,  180. — High-pressure  condensing  engine  best  for  winding,  180. 
— Rate  of  consumption  in  Cornish  boilers,  188. — Firing,  189.— Duty  of 
stamping  engines,  189. — Friction  of  Cornish  engines,  198. 
Ore-Dressing  Machinery,  particulars  of  working  of  pneumatic  stamps,  1873, 
143. — Mode  of  ensuring  regular  wear  of  stamp  head,  141. — Packing  of 
pistons  in  pneumatic  stamps,  145. — Tin  lost  in  slimes,  149. 

Hutchinson,  E..  elected  Member,  1864,  271. 

Hutchinson,  G.,  Hydraulic  Machinery,  precaution  against  freezing  of  water, 
1868,  31. — Methylated  spirit  and  oil  seldom  used,  32. — Hemp  packing 
for  rams,  32. — Leathers  for  pistons,  32. — Utilising  weight  of  descending 
loads,  37. — Working  pressures,  38. 

Hutchinson,  "W.  (Newcastle),  Original  Member,  1847. 

Hutchinson,  W.  (Hartlepool),  elected  Honorary  Member,  1860,  53. 

Hutton,  W.  S.,  elected  Member,  1863,  113. 

Hyde,  H.,  Col.,  elected  Member,  1865,  53. 

Hydraulic  Engine,  Paper  on  a  new  hydraulic  engine,  by  D.  Joy,  1857, 184. 
— Description  of  engine,  184. — Peculiarity  of  valve  action,  185. — Wood 
face  for  valve,  185. 

Discussion.— 3o\iVLS,on,  W.  B.,  187.— Joy,  D.,  186,  187, 188.— Maudslay 
H.,  188.— McConnell,  J.  E.,  186,  188.— Pilkington,  E.,  187,  188.— Smith, 
W.,  186. 

Hydraulic  Machinery,  Paper  on  water-pressure  machinery,  by  W.  G. 
Armstrong,  1858,  126. — First  idea  of  utilising  head  of  mountain  streams, 
126. — First  hydraulic  cranes,  127. — Accumulator,  128. — Pumping  engine, 
129. — Present  extent  of  application  of  water-pressure  machinery,  129. — 
Hydraulic  crane,  130.— Variation  of  power  with  single  cylinder,  130. — 
Swinging  gear  for  cranes,  131. — Relief  valves  to  prevent  over-strain,  132. 
— Lock-gate  closing  apparatus,  133. — Water-pressure  rotary  engines,  134. 
— Swing  bridge,  135. — Rapidity  of  transferring  trucks  from  ferry  to 
railway,  135. — Various  applications  of  hydraulic  power,  136, 
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Hydraulic  Machinery  (continued). 

Discnssion. — Anderson,  J.,  140, — Armstrong,  W.  G-.,  138,  142. — 
Fairbairn,  W.,  139,  144.— Harrison,  T.  E.,  141.— Sopwith,  T.,  139,  141.— 
Whitworth,  J.,  145. 

Htdeaulic  Machinery,  Paper  on  the  transmission  of  power  by  water 
pressure,  with  the  application  to  railway  goods  stations,  forge  and 
foundry  cranes,  and  blast-furnace  hoists,  by  Sir  W.  G.  Armstrong,  1868, 
21. — Accumulator,  21. — Comparison  of  water-pressure  and  shafting  for 
conveying  power,  22. — Non-elasticity  of  water,  23. — Relief  valves,  23. — 
Compressed-air  machinery,  24. — Shipping  coal  direct  from  barges,  25. — 
Hydraulic  machinery  at  Paris  and  Lyons  Railway  goods  station,  25. — 
Single-power  crane,  26. — Double-power  crane,  26. — Capstan  engine,  27. — 
Modifications  of  hydraulic  crane,  27. — Forge  cranes,  28. — Blast-furnace 
hoists,  29. 

Biscvssion. — Bramwell,  F.  J.,  39. — Clay,  "W.,  35, — Cowper,  E.  A.,  31, 
33.— Howard,  E.,  38.— Hutchinson,  G.,  31,  32,  35,  37,  38.— Lloyd,  Sampson, 
30,  32,  35,  41.— Mallet,  R.,  40.— Webb,  F.  W.,  35. 

Hydraulic  Machinery,  Paper  on  the  application  of  water  pressure  to  shop 
tools  and  mechanical  engineering  work,  by  R.  H.  Tweddell,  1872,  188. — 
Three  methods  of  distributing  power,  188. — Differential  accumulator, 
190. — Friction  of  hydraulic  machines,  191. — Special  leather  collar,  191. — 
Durability  of  leathers,  192. — Working  pressure,  192. — Application  of 
water  pressure  to  shop  machines,  &c.,  194. — Hydraulic  tube-expander, 
194. — Machine  riveting,  195. — Steam  riveter,  195. — Hydraulic  riveter,  196. 
— Portable  riveter,  199. — Movable  riveter  for  large  marine  boilers,  200. 

—  Joints  for    pressure-pipes,  201.  —  General  ai^plication  of    hydraulic 
machinery  to  works,  &c.,  201. 

Discussion,. — Adamson,  D,,  205. — Cochrane,  C,  205. — Cooper,  L.,  208. 

—  Gray,  J.  McF.,  204.— Olrick,  L.,  203.— Siemens,  C.  W.,  209.— Tweddell, 
R.  H,,  203,  206, 

Hydraulic  Machinery  for  Warehousing  Grain.  See  Corn  Warehousing 
Machinery,  1869,  208. 

Hydraulic  Shearing  Press,  Paper  on  a  hydraulic  shearing  press,  by  C.  Little, 
1858,  70. — Objections  to  ordinary  lever  shears,  70. — Description  of 
Eastwood's  hydraulic  shears,  70. — Dimensions  of  pumps,  ram,  &c.,  71. — 
Experiments  on  power  required  in  shearing,  72, — Experiments  on  punching 
and  shearing,  73.— Inclined  cutters  more  effective  than  parallel  cutters, 
74. 

Discussion.— Covr^pei;  E.  A.,  76, 77,— Fernie,  J.,  75,— Jones,  E.,  74,  76. — 
Little,  C,  76.— Lloyd,  Samuel,  76.— Maudslay,  H.,  76,  77.— Muntz,  G.  F., 
75, 

N 
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Htdraflic  Sheaes  and  Punch,  Paper  on  a  hydraulic  shears  and  punch,  hy 
J.  Tangye,  1862,  341. — Description  of  shears.  341. — Mode  of  lowering 
shear  blade  after  cut,  342. — Hydraulic  punch,  343. — Hydraulic  lifting- 
jack,  343, — Mode  of  lowering  jack,  344. 

Discussion.— B&j&T,  C.  F.,  34.5,  346,  347.— Joy,  D.,  346.— Miller,  G.  M., 
345,  346,  347.— Tangye,  J.,  345,  346,  347. 

Hydeaulic  Starting  Apparatus.    See  Starting  Apparatus,  1848,  Apl.,  12. 

Hydraulic  Swing  Bridge.     See  Bridge,  Hydraulic  Swing,  1869,  121. 
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IKIN,  J.  D.,  elected  Member,  1850,  Jan.,  5. 

Imeay's  Friction  Break.    See  Dynamometer,  1858,  107,  113. 

Indian  Eailway  Bridges.    See  Bridges,  1861,  171. 

Indian  Railway  Bridge  Piers.    See  Bridge  Piers,  1863,  16. 

India-rubber  Covering  Machine,  Paper  on  a  machine  for  covering 
telegraph  wires  with  india-rubber,  by  C.  "W.  Siemens,  1860,  137. — 
Construction  of  submarine  telegraph  cable,  137. — Conductivity  of  copper, 
137. — Non-conducting  and  inductive  power  of  various  insulators,  138. — 
Former  process  for  covering  wires  with  india-rubber  united  by  heat.  139. 
— New  process,  fresh-cut  surfaces  united  by  pressure  without  heat,  140. — 
Description  of  machine,  140. — Outer  sheathing  for  submarine  cables,  142. 
Biscxission. — Cow|3er,  E.  A.,  146. — Fenton,  J.,  146.— Siemens,  C.  W., 
143,  146. 

India-rubber  Pipe  Joints,  Paper  on  Brockedon's  application  of  vulcanised 
india-rubber  to  pipe  joints,  by  E.  A.  Cowper,  (extracts  from  "Wicksteed's 
report),  1848,  Oct.,  20. — Particulars  of  experiments  on  joints  with 
different  thicknesses  of  india-rubber  rings,  20. — Results  of  working,  21. — 
Proportions  for  sockets  of  pipes,  21. — Comparative  cost  of  india-rubber 
and  ordinary  lead  or  wood  joints,  21. 

Discussion.— Q\\l^,  J.  E.,  22.— Cowper,  E.  A.,  22.— Fothergill,  B.,  22, 
23.— Humphrys,  E.,  22.— McConnell,  J.  E.,  23.— Richards,  T.,  22,  28. 

Indicator,  Continuous,  Paper  on  Ashton  and  Storey's  steam-power  meter 
and  continuous  indicator,  by  J.  H.  Storey,  1871,  75. — Advantages  over 
ordinary  intermittent  indicator,  75. — Description  of  continuous  indicator, 
76. — Different  modes  of  driving  the  disc  and  integrating  wheel,  76. — 
Action  of  continuous  indicator,  77. — Mode  of  measuring  power  by  the 
meter,  78.  —  Indicator  can  be  made  single-acting,  79.  —  Effect  of 
"  cushioning  "  on  the  reading  of  meter,  80. — Mode  of  taking  diagrams,  80. 
— Applications  of  indicator,  81. — Particulars  of  application  to  a  pumping 
engine,  and  valuable  results  obtained,  81. — Application  to  steamships,  83, 
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Indicator,  Continuous  (continued). 

Discussion,  —  Alexander,  A,,  90.  —  Ashton,  85,  86,  87,  88,  90.  — 
CoTs^er,  E.  A.,  86,  89,  90.— Fenby,  J.  B.,  87.— Hughes,  G.  D.,  88.— Marten, 
E.  B.,  89.— Ramsbottom,  J.,  85,  86,  90.— Eobinson,  J.,  86. 

INGLEBY  Break  Drums.    See  Break  Drums,  1871,  200. 

INGLIS,  W.,  elected  Member,  1867,  18. 

Valve  Gear,  Paper  on  the  Corliss  expansion  valve-gear  for  stationary 
engines,  1868, 177. — Economy  in  consumption  of  fuel,  191. — Arrangement 
for  starting  engine,  192. — ^Very  small  clearance,  193. 

Injector,  Paper  on  Giffard's  injector  for  feeding  steam  boilers,  by  J.  Eobinson, 
1860,  39. — Description  of  injector,  39. — Action  of  injector,  iO. — 
Working  of  injector  on  locomotives,  41. — Sizes  of  injector,  42. — 
Experiments  and  results,  43. — Tables  of  results  of  experiments,  44. — 
Calculation  of  size  of  injector  required  for  given  work,  46. — Theory  of 
action  of  injector,  46. 

Discussion. — Bramwell,  F.  J.,  48,  49,  50. — Cowper,  E.  A.,  48. — Johnson, 
W.  B.,  48.— Kennedy,  J.,  51.— Markham,  C,  49.— Marshall,  W.  P.,  51.— 
Maudslay,  H.,  51. — Eobinson,  J.,  48,  49,  50,  51. — Siemens,  C.  W.,  48. 

Injector,  Supplementary  Paper  on  GifEard'sinjectorfor  feeding  steam  boilers, 
by  J.  Robinson,  1860,  74. — Tables  of  further  experiments,  75,  76. 

Discussion. — Batho,  W.  F.,  81.— Cowper,  E.  A.,  80.— Fernie,  J.,  79, 
82.— Eobinson,  J.,  77,  79,  80,  81,  82.— Siemens,  C.  W.,  78. 

Injector,  Self-Adjusting,  Paper  on  Sellers"  self-adjusting  injector  and  other 
improvements  on  Giffard's  injector,  by  J.  Robinson,  1866,  266.— 
Description  of  construction,  266. — Mode  of  working,  267. — Self-starting 
arrangement,  268. — Improved  ordinary  injector,  269. — Table  of  delivery 
of  water,  270. — Eaising  supply  water,  271. 

Discussion. — Bramwell,  F.  J.,  274. — Cowper,  E.  A.,  278. — Hackney,  W., 
277.— Lloyd,  Sampson,  273,  275,  276,  279.— Eobinson,  J.,  273,  274,  275,  276, 
277,  278.- Siemens,  C.  W.,  274,  275.— Woods,  H.,  277. 

Injector,  Elevator  for  Colliery  Drainage.    See  Elevator,  1861,  220. 

INMAN,  C.  A.,  elected  Member,  1872,  75. 

INSHAW,  J.,  elected  Member,  1857,  55. 

Boiler,  High-Pressure,  boiler  made  of  copper  spiral  tubes,  1859,  270,  271. 
Pressure   Gauge,   Paper  on  an    improved    pressure    gauge,   1857,   204. — 
Registering  pressure  gauge,  208. — Testing  apparatus,  209. 

Ireland,  W.,  elected  Member,  1866,  103. 

Ireland's  Cupola,  1856,  52. 

Iron  Armour  for  Ships.    See  Armour,  1861,  121.-1862,  289. 

Iron,  Blooming  Machine,  Paper  on  a  new  machine  for  blooming  iron,  by  J. 
Beasley,  1851,  Apl.,  36. — Description  of  machine,  37.— Action  of  rolls,  37. 
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Iron,  Blooming  Machine  (continued). 

— Provision  against  breakage,  38. — Saving  of  time  and  expense,  38. — 
Saving  of  power,  and  improved  quality  of  iron,  40. 

Discussion, — Beasley,  J.,  41,  43,  44. — Cowper,  E.  A.,  41,  43,  45. — 
Gibbons,  B.,  42.— Hodgkinson,  B.,  45.— McConnell,  J.  E.,  43,  45.— 
Siemens,  C.  W.,  42,  44.— Slate,  A.,  44.- Walker,  T.,  43,  44.— Williams,  E., 
43,  44. 

Iron,  Blooming  Machine,  Svj^P^omentary  Paper  on  a  new  machine  for 
blooming  iron,  by  J.  Beasley,  1851,  June,  3. — Rate  of  production  of 
blooms,  5. — Cost  of  wear  and  tear,  6. — Diagrams  showing  saving  of  power 
over  hammer,  7. — Power  required  to  drive  blooming  machine  and  rolls, 
and  hammer  and  rolls,  9. — Improved  quality  of  iron,  10. 

Bisonssion, — Adams,  W.  A.,  12,  13. — Beasley,  J.,  11,  12,  13,  14,  15. — 
Blackwell,  S.  H.,  12,  15.— Cowper,  B.  A.,  13.— Hodge,  P.  E.,  14,  15,— 
Hodgkinson,  E.,  14.— McConnell,  J.  E.,  11, 14,  15.— Moorsom,  W.  S.,  15.— 
Russell,  J.  S.,  15. 

Iron  Columns,  Removal,  Paper  on  the  removing  and  replacing  of  the  iron 
columns  in  a  cotton  mill,  by  W.  Fairbairn,  1866,  181. — Increased  size  of 
mules  necessitating  alteration  in  mills,  181. — Arrangement  of  mill,  182. 
— Construction  of  new  columns,  183. — Cutting  apparatus,  184. 
Discussion. — Fairbairn,  W.,  185. — Whitworth,  J.,  185. 

Iron  Construction  op  Foundry.    See  Foundry,  1856,  165. 

Iron,  Elasticity  op,  elastic  stretching  of  lifting  bars  for  Britannia  tubular 
bridge,  1849,  Oct.,  25. 

Iron  Lighthouse.    See  Lighthouse,  1861,  15. 

Iron  Manufacture,  Paper  on  iron,  and  some  improvements  in  its  manufacture, 
by  J.  D.  M.  Stirling,  1853,  19. — Deficiency  of  knowledge  of  chemical 
properties  of  iron,  19. — General  process  of  iron  smelting,  20. — Experiments 
on  cast-iron  and  new  toughened  cast-iron,  22. — Applications  of  toughened 
cast-iron,  23. — Refining  and  puddling,  24.— Alloys  of  iron  and  other 
metals,  25.  —  Wrought-iron  alloyed  with  tin,  26.  —  Experiments  on 
toughened  wrought-iron  and  ordinary  wrought-iron,  27. 

Discussion,— hA-xm^,  W.  A.,  30. — Beasley,  J.,  29,  30. — Cowper,  E.  A., 
32.— Duclos  de  Boussois,  E.,  28.— Fairbairn,  T.,  30.— McConnell,  J.  E., 
29,  31.— Slaughter,  E.,  32,  33.— Stephenson,  R.,  28,  33.— Stirling,  J.  D.  M., 
28,  29,  30,  31,  32,  33.— Williams,  E.,  31. 

Iron  Manufacture,  Hsematite,  Paper  on  the  manufacture  of  haematite  iron,  by 
W.  Crossley,  1871,  118. — Size  of  furnaces  at  Barrow  and  Askam,  118. — 
Dimensions  of  furnaces,  119. — Taking  off  waste  gases,  119. — Large 
furnace  at  Askam,  120. — Furnace  top,  closed  and  semi-closed,  120. — 
Ores  &c.  used,  121. — Analysis  of  Askam  ore,  121. — Analyses  of  aluminous 
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iron  ores,  122. — Stainton  limestone,  124. — Durham  coke,  125. — Importance 
of  proper  distribution  of  materials  in  furnace,  125. — Improved  form  of 
tuyere  and  tuyere-breast,  125. — Results  of  working  of  Askam  furnaces, 
126. — Analyses  of  escaping  gases,  126. — Htematite  pig,  127. — Slag,  128. — 
Consumption  of  coke,  128. — Appendix,  129. — Ultimate  composition  of 
escaping  gases,  130. — Weight  and  composition  of  escaping  gases,  131. — 
Weight  of  blast  supplied  per  ton  of  pig,  131. — Tables  of  amounts  of  heat 
produced,  absorbed,  and  lost,  133,  134. 

Discussion. — Adamson,  D.,  140,  142. — Bai-ton,  E.,  138. — Bell,  I.  L., 
143.— Clay,  W.,  135,  143.— Cochrane,  C,  135.— Crossley,  W.,  136, 139, 145, 
—Pease,  J.  B.,  141.— Eamsbottom,  J.,  136,  14.5.-Whitwell,  T.,  137. 

Iron  Manufacture  in  Cleveland  District.     See  Blast  Furnaces,  1864,  249. 

Iron  Mining,  South  Yorkshire.     See  Coal  Mining,  1862,  68. 

Iron  Puddling  by  Machinery.  See  Puddling  Machine,  1864,  298.-1867, 
151. 

Iron  Ships,  Construction.    See  Ships,  Ii-on,  1863,  115. 

Iron  War  Ships,    See  Ships,  Ii-on,  1856,  221. 

Iron,  Wrought,  rendered  brittle  by  repeated  jarring  when  cold,  without  any 
blow  being  struck,  1850,  Jan.,  17. 

Ironstone  Seams  in  Glasgow  Coalfield.     See  Coalfield,  Glasgow,  1864,  229, 

IRON'^OEKS  Engines.     See  Dowlais  Ironworks  Engines,  1857,  112. 

Ironworks,  Grosmont,  Paper  on  the  new  ironworks  at  Grosmont,  by  H.  C. 
Coulthard,  1863,  225. — Position  of  works,  225, — Dimensions  of  blast 
furnaces,  226.  —  Furnace  top,  227.  —  Hot-blast  stoves,  227. —  Blowing 
engines,  228.— Boilers,  229, 

i)isr«ssiow.— Adamson,  D.,  231,  233,  236,  240.— Bastow,  S.,  239.— 
Bramwell,  F.  J.,  231,  233,  240.— Clay,  W.,  241.-Fernie,  J.,  234,  236.— 
Lloyd,  Sampson,  229,  235,  241.— Plum,  T.  W.,  230,  233.— Eeynolds,  E., 
231,— Eichardson,  W,,  237,  239.— Smith,  I.,  237. 

Ironworks,  Eound-Oak,  Paper  on  the  Eound-Oak  Ironworks,  by  F,  Smith, 
1860,  211.— Description  of  forge,  211.— Rolls  and  hammers,  212.— Plate 
and  bar  rolls,  213. — Circular  saw,  bar  and  guide  mills,  214. — Wire  mill,  215. 
— Puddling  furnaces,  215. — Balling  and  heating  furnaces  ;  dimensions 
of  furnaces,  216. — Eailway  and  canal  arrangements,  &c.,  216, — Series  of 
processes  for  production  of  different  qualities  of  iron,  217,— Waste  of 
iron,  and  consumption  of  coal,  218. 

Bisctission. — Adams,  W.  A.,  220. — Cochrane,  A.  B.,  219,  221, — Dunn, 
T,,  221.— Hall,  W.,  221.— Kennedy,  J.,  222.— Lloyd,  Sampson,  219.— 
Lloyd,  Samuel,  221.— Pilkington,  E.,  221,— Smith,  F.,  221,  222,— Smith, 
R,,  220. 
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Jack,  A.,  elected  Member,  1872,  75. 

Jack,  J.,  Surface  Condensers,  Paper  on  the  effects  of  surface  condensers  on 

steam  boilers,  1863,  150. 
Jack,  Htdraulic  Lifting.    See  Hydraulic  Shears  and  Punch,  1862,  343. 
Jackson,  J.,  elected  Member,  1865,  53. 
Jackson,  J.  P.,  elected  Member,  1870,  19. 
Jackson,  M.  M.,  elected  Member,  1859,  247. 
Jackson,  P.  Pi.,  Original  Member,  1847. 

Moulding  Machine,  Paper  on  a  new  moulding  machine  for  cog  and  other 
■wheels,   1855,   41. — Cutter  for  shaping    pattern,  50. — Moulding  bevil 
wheels,  50. — Cost  of  wheels,  51.— Tracing  epicycloidal  teeth,  52. — Time 
of  moulding,  52. — High  speed  of  running  practicable  with  accurately 
moulded  wheels,  54. — Moulding  sand,  56. 
Piston  Packing,  durability  of  improved  curved  rings,  1855,  207, 
Starting  Apparatus,  Paper  on  a  hydraulic  starting  apparatus,  1848,  Apl.,  12. 
— Conical  clut-ch  not  able  to  drive  same  power  as  hydraulic  apparatus,  12. 
Jackson,  R.,  elected  Member,  1861,  109. 
Jackson,  S.  (Sheffield),  elected  Member,  1860,  53. 
Jackson,  S.  (Bombay),  elected  Member,  1873,  45. 
Jackson,  "W.  F.,  elected  Member,  1872,  75. 
Jacob,  E.  W.,  elected  Member,  1873,  25. 
Jaeger,  H.  F.,  elected  Member,  1866,  264. 

Jaffray,  J,,  Type-Setting  Machine,  not  suitable  for  newspapers,  1863,  54. 
Jafprey,  G.  "W.,  elected  Member,  1858,  266. 
James,  Jabez,  elected  Member,  1856,  250. 
James,  John,  elected  Member,  1868,  103. 
Jamieson,  J.  L.  K.,  elected  Member,  1870,  19. 

Marine  Engines,  great  improvement  in  modern  compound  engines,  1872, 163. 
— Important  to  reduce  consumption  of  fuel  further,  164, — Effect  of  steam- 
jacketing  cylinders,   172. — Important    advantages    from    high-pressure 
steam,  173. 
Jarvis,  E.  G,,  elected  Member,  1865,  102. 
Jee,  a.  S.,  elected  Member,  1848,  July.  20.— Decease,  1859.  2, 
Jeffcock,  p.,  elected  Member,  1855,  97. — Decease,  1867,  2,— Memoir,  15. 

Coal  Mining,  South  Yorkshire,  Paper  on  the  coal  and  iron  mining  of  South 
Yorkshire,  1862, 68. — Difficulty  of  ventilating  "bank  work,"'  advantage  of 
"long  wall,"  80. — Length  of  long-wall  face,  81. — Cost  of  long-wall  getting, 
82, — Getting  "  deep  "  coal  ;  pumps,  83. — Cast-iron  puncheons,  84.  — Cost  of 
timbering,  85. —  Safety  lamps  do  not  interfere  with  rate  of  working,  86. 
Jeffcock,  T.  "W.,  elected  Member,  1861,  109. 
Jeffreys,  E.  A.,  elected  Member,  1856,  79.— Ee-elected,  1863,  113. 


J.  Ill 

Jenkin,  F.,  Telegi-aph  Cables,  Paper  on  the  construction  of  submarine  telegraph 

cables,  1862,  211.— Failure  of  cable  nearly  always  due  to  fracture  of 

copper  conductor,  239. — Action  of  currents  on  insulating  materials,  240. 
Jenkins,  "W,,  elected  Member,  1857,  201.— Decease,  1868,  2. — Memoir,  16. 
Jensen,  P.,  Marine  Engine  Governor,  Paper  on  a  marine  engine  governor, 

1859,  92. 
Jessop,  S.,  elected  Member,  1861,  53. 
Jessop,  T.,  elected  Member,  1861,  53. 
JOBSON,  J.,  elected  Member,  1854,  79. 
JOBSON,  R.,  elected  Member,  1847.— Re-elected,  1868,  43.— Decease,  1873,  2.— 

Memoir,  19. 
Casting  Moulds,  Paper  on  an  improved  construction  of  moulds  for  casting 

metals,  1854,  62. — Cost  of  dressing  ordinary  castings,  69. — Sulphur  face 

for  ramming  block,  69. 
Moulding  and  Casting,  Paper  on  an  improved  system  of   moulding  and 

casting,  1858,  14. — Cost  of  machine  for  moulding  railway  chairs,  20. 
Johns,  H.,  elected  Member,  1851,  Oct.,  28. 
Johnson,  B.,  elected  Member,  1863,  113. 
Johnson,  H.  S.,  elected  Member,  1847. 
Johnson,  J.,  elected  Member,  1847. 

Johnson,  R,  W.,  elected  Member,  1848,  Apl.,  23.— Re-elected,  1854,  49. 
Johnson,  S.  W.,  elected  Member.  1861,  211. 
Johnson,  T,  M.,  elected  Member,  1847. 
Johnson,  W.,  elected  Member,  1849,  Oct.,  82. 
Johnsok,  "W.  B.,  elected  Member,  1855,  6. 

Boiler,  evaporative  duty,  1854,  130. — Short  tubes  more  efficient  than  long, 

132. 
Evaporating  Power  of  Tubes,  no  practical  difference  between  brass  and  iron 

tubes,  1857,  122. 
Smoke  Prevention,  Paper  on  an  apparatus  for  the  prevention  of  smoke  in 

steam  boiler  and  other  furnaces,  1857,  125. 
Steam  Engine,  Paper  on  an  improved  horizontal  condensing  steam  engine, 

1855,  198. — Steam-jacket  not  of  much  value,  203. 
Johnstone,  J.,  elected  Honorary  Member,  1848. 

Sugar  Evaporator,  sugar  clarified  by  exposure  to  air,  1856,  182. — Injurious 

effect  of  custom  laws,  183. 
JoiCEY,  J.  G.,  elected  Member,  1872,  254. 
Joint  for  Pipes,  to  stand  high  temperature,  1873,  82. — For  hydraulic  machinery, 

1858,  143.— 1872,  201. 
Jones,  A.,  elected  Member,  1861,  14. 
Jones,  C,  elected  Member,  1872,  75. 
Jones,  C.  H.,  elected  Member,  1871,  262. 
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Jones,  D.,  elected  Member,  1861,  53. 

Jones,  E.  (Bridgewater),  Original  Member,  1847.  —  Council,  1849,   Jan.,  9. 
—1851,  Jan.,  8.— Vice-President,  1854,  5.— Council,  1856,  6.— Vice- 
President,  1859,  13,— Council,  1862,  19.— 1865,  19. 
Brick-Making    Machine,   Paper   on  the    American   dry-clay   brick-making 

machine,  1853,  148. 
Crossing,  spring  crossing  very  successful,  1852,  218. —  Steel  spring  better 

than  india-rubber,  218. 
Hydraulic  Shearing  Press,  experiments  on  force  required  to  punch  different 
sized  holes  in  different  thicknesses  of  plate,  1858,  76. 
Jones,  E.  (Birmingham),  elected  Member,  1873,  2.5. 
Jones,  E.  F.,  Blast-Furnace  Materials,  good  results  from  use  of  raw  ironstone, 

1871,  169,  170. 
Jones,  E.  T.,  elected  Member,  1873,  88. 
Jones,  G.  E.,  elected  Graduate,  1867,  19. 
Jones,  J.,  (Bristol),  elected  Member,  1848. 

Cambrian  Engine,  Paper   on  the  adaptation  of   the  Cambrian  engine  to 
locomotive  purposes,  1848,  Oct.,  13. 
Jones,  J.,  (Middlesbrough),  elected  Associate,  1869,  277, 

Cleveland  Iron  District,  Paper  on  the  general  geological  features  of  the 

Cleveland  iron    district,   1871,   184. — Origin  of    deposits  of    salt  and 

ironstone  not  clearly  known,  198. — Ironstone  seams  lie  nearly  horizontal, 

198. 

Jones,  J.,  (Newton),  elected  Member,  1847. 

Jones,  J.  G.,  Coal- Cutting  Machine,  cutting  out  a  wedge  of  coal  at  bottom  of 

thick  seams,  1864,  289. 
Jones,  J.  H.,  elected  Member,  1857,  55. 
Jones,  W.  E.  S.,  elected  Member,  1872,  75. 

Joule,  J.  P.,  Surface  Condenser,  Paper  on  a  surface  condenser,  1856,  185. 
Joy,  D.,  elected  Member,  1853,  45. 

Feed-Pipe  Connexion,  cost  of  hose-pipe  connexion,  1862,  91.— Coiled-tube 

connexion  very  successful,  91. 
Hydraulic  Engine,  Paper  on  a  new  hydraulic  engine,  1857,  184.— PiCgulating 
speed  of  valve  for  different  pressures,    186. —  Self-regulating  action  of 
engine,  187. 
Piston  Packing,  Paper  on  a  spiral-coil  piston-packing,  1855, 171.  — Durability 

of  packing  rings,  175. 
Eivet-Making  Machine,  great  durability  and  absence  of  wear  in  the  machine, 
1861,  216. —  Manufacture  of  the  cast-iron  dies,  217. —  Experiments  on 
action  of  machine,  218. — Rate  of  making  rivets  of  different  sizes,  219. 
Safety  Valve,  increase  of  pressure  while  blowing  off,  1855,  135. 
Jumna  PiAilway  Bridge,  Foundation  for  Piers.    See  Railway  Bridge  Piers, 
1863.  16. 
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Kay,  J.  C,  elected  Member,  1857,  201. 

Safety  Valves,  Paper  on  an  improved  construction  of  safety  valves  for  steam 
boilers,  1857,  211. — Low- water  valve  independent  of  steam  pressure, 
215.  —  Cost,  216.  —  Tendency  to  prime  on  sudden  opening  of  valve, 
216. 

Keen,  a.,  elected  Member,  1869,  77, 

Keep,  A.,  elected  Member,  1869,  77. 

Kellett,  J.,  elected  Member,  1867,  59. 

Kelson,  F.  C,  elected  Member,  1873.  250. 

Kendall,  W.,  elected  Member,  1857,  55. 

Kenkan,  J.,  elected  Member,  1863,  15. 

Kennedy.  J.,  elected  Member,  1847.— President.  1860.  13. 

Kennedy.  J.  P.,  Lt.-Col.,  elected  Member,  1857,  232. 

Indian  Eailway  Bridges,  Paper  on  the  construction  and  erection  of  iron 
piers  and  superstructures  for  railway  bridges  in  alluvial  districts,  1861, 
171. — Peculiar  requirements  of  Indian  railways,  182. — Mode  of  screwing 
in  piles,  183. — Diagonal  bracing  between  piles  distributes  load  over  all, 
184. — Each  span  of  bridge  quite  separate,  188.  —  Expansion  of  spans, 
188. — Painting  to  protect  iron  from  corrosion,  189. — Adjustment  of  level 
of  tops  of  piles,  191. — Difficulty  from  broken  piles,  191. 

Kennedy,  J.  P.,  elected  Member,  1863,  57. 

Kennedy,  T.,  Water  Meter,  Paper  on  an  improved  wat«r  meter,  1856,  151. — 
Pressure  required  to  work  meter,  157. — Cost  of  repairs  very  small, 
157. 

Kennedy,  T.  S.,  elected  Member,  1868,  20. 

Kerb,  P.,  elected  Member,  1868,  103.— Decease,  1870,  2.— Memoir,  14. 

Keeshaw,  J.,  elected  Member,  1866,  17. 

Kesteeton,  H.,  Boilers,  Pioot  boiler  very  successful  for  mai-ine  purposes, 
1871,  246. 

Kimball,  F.  J.,  elected  Member,  1867,  234. 

Kind's  System  of  Boeing.    See  Boring,  1854,  87. 

Kindee,  T.  W.,  elected  Member,  1848,  ApL,  23. 

King,  W.,  elected  Member,  1872,  254. 

KiNMOND,  W.  L.,    elected    Member.    1848,    Apl.,    23.  —  Re-elected,    1852, 
153. 
Railway  Carriage  Elevator,  Paper  on  a  railway  carriage  elevator,  1848, 
Oct.,  17. 

KiNSEY,  H.,  elected  Member,  1870,  125. 

KiEK,  A.  C,  elected  Member.  1872,  119. 

KlEKALDY,  D.,  elected  Member,  1865,  20. 

KiEKHAii,  J.,  elected  Member,  1848,  July,  20. 
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KiBKLESS  Hall  Iron    Works,  Blake  Stone-Breaking   Machine.    See  Stone- 
Breaking  Macliine,  1864,  20. 
KiRTLEY,  M..  Original  Member,  1847.— Council,  1852,  8.— 1855,  5. 
KlETLEY,  W.,  elected  Member,  1864,  271. 

Boilers,  Corrosion  of.  Paper  on  the  corrosion  of  locomotive  boilers  and  the 

means  of  prevention,  1866,  56. 
Counter-pressure  Steam  Break,  trial?  on  Lickey  incline  of  Midland  Railway, 

1870,  47. 
Riveted  Joints,  thickened  edges  for  transverse  seams,  and  welded  longitudinal 
joints  in  locomotive  boilers,  1872,  83. 
KiTSON,  F.  W.,  elected  Member,  1859,  53.— Member  of  Council,  1870,  18.— 

1872,  25. 

Governor,  Paper  on  the  Allen  governor  and  throttle-valve  for  steam  engines, 

1873,  47. 

KiTSON,  J.,  elected  Member,  1848,  July,  20.— Council,  1855,  5.— 1858,  12.— 
1861,  13.— 1863,  14. 
Gas  Lighting  for  Trains,  Paper  on  lighting  railway  trains  with  gas,  with 

description  of  T.  J.  Thompson's  system,  1857,  242. 
Hammer,  Paper  on  an  improved  friction  hammer,  1854,  133. 

KiTSON,  J,,  Jun.,  elected  Member,  1859,  53. 

KiTSON,  J.  H.,  elected  Member,  1868,  103. 

Knap,  C,  elected  Member,  1866,  17. 

Knight,  G.,  elected  Honorary  Member,  1854, 49. 

Knight,  S.  J.,  elected  Member,  1848,  Apl.,  23. 

Knight,  T.,  elected  Member,  1863,  15. 

Knitting  Machine,  Paper  on  self-acting  machinery  for  knitting  hosiery  by 
power,  by  A.  Paget,  1870,  127. — Natui-e  of  knitted  web,  127. — Self-acting 
knitting  machine,  128. — Knitting,  128. — Narrowing,  130. — Means  by  which 
movements  of  primary  parts  are  effected,  133. — "Drawing  across"  the 
thread  tube,  133. — Movements  of  the  "sinkers,"  135.  — Motion  of  needles, 
136. — Movements  for  narrowing,  136. — Pitch-chains  to  regulate  shape  of 
article,  137.— Arrangement  of  cams  to  effect  different  motions,  138. — 
Rate  of  knitting,  139. 

Discussion. — Bramwell,  F.  J.,  142. — Chapman,  H.,  140. — Hawksley,  C, 
144.— Hawksley,  T.,  140,  141,  145.— Head,  J.,  143.— Paget,  A.,  140,  141, 
143,  144. 

Knott,  J.,  elected  Member,  1862,  93. 

KOE,  S.  L.,  elected  Member,  1869,  276. 

KOHN,  F.,  elected  Member,  1869,  20.— Decease,  1872,  2.— Memoir,  19. 

Krigab'8  Cupola,  1868,  89. 
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Lackenby  Blowing  Engines.    See  Blowing  Engines,  1871,  17^.-1872,  274. 
Laird,  H.  H.,  elected  Member,  1872,  254. 
Laied,  "W.,  elected  Member,  1872,  119. 

Marine  Engines,  saving  of   coal  in  compound  engines,  1872,  178. — Low 
pressure  of  steam  not  desirable,  178. 
Lamb,  A.,  elected  Member,  1847. 

Boiler,  Paper  on  an  improved  boiler  for  marine  engines,  1852,  9. 
Lamb,  W.  J.,  elected  Member,  1873,  25. 
Lambert,  W.  B.,  elected  Member,  1866,  264. 
Lamp,  Safety.    See  Safety  Lamp,  1851,  Oct.,  23. 
Lancaster,  C.  W,,  elected  Member,  1867,  18. 
Lancastee,  John,  elected  Member,  1863,  .57. 

Stone-Breaking  Machine,  Blake's,  Paper  on  a  machine  for  breaking  limestone 
and  ore  at  Kirkless  Hall  Iron  Works,  1864,  20.— Cheaper  than  hand 
labour  for  breaking  limestone,  28. 
Well  Boring,  cost  of  boring  in  Nottinghamshire  and  Lancashire,  1867,  184. 
— Kind's  annular  tool,  1 84. 
Lancastee,  Joshua,  elected  Member,  1870,  228. 
Langdon,  W.,  Original  Member,  1847. 
Latham,  E.,  elected  Member,  1863,  15. 
Laueent,  F.,  elected  Member,  1858,  80. — Decease,  1860,  2. 

Ventilating  Machine,  Lemielle's,  particulars  of  largest  machine  yet  erected, 
1858,  69.— Degree  of  vacuum,  69. 
Law,  D.,  elected  Member,  1860,  14.— Decease,  1870,  2.— Memoir,  15. 
Lawrence,  H.,  elected  Member,  1867,  59. 

Coal-Cutting  Machinery,  adoption  of  hydraulic  machines  in  Northumberland, 
1868,  159. — Value  of  machines  for  thin  seams,  159, 
Lawrie,  J.  G.,  elected  Member,  1847. 
Lawson,  E.,  elected  Member,  1848,  Apl.,  23. 
Lawton,  B.  C,  elected  Honorary  Member,  1858,  266. 
Layboen,  D.,  elected  Member,  1870,  228. 

Laybouene,  J.,  elected  Member,  1857,  232. — Decease,  1873,  2.— Memoir,  18. 
Boiler,  Cast-Iron,  Paper  on  Miller's  cast-iron  steam  boiler,  1871,  263. — 
Space  occupied  by  boiler,  cost,  &c.,  276.  —  Freedom  from  incrustation, 
277. — Application  to  puddling  furnace,  280. 
Laybouene,  R.,  elected  Member,  1856,  79. 

Coal-Burning  Locomotive,  trials  of    Welsh   coal   and  coke,  1858,  287, — 
Jeffreys'  grate  for  burning  coal,  292. 
Lea,  H.,  elected  Member,  1860,  89. 
Lea,  J.  (Bowling),  elected  Member,  1868,  103. 

Lea,  J.  (London),  Axlebox,  new  lubricating  material  for  axleboxes,  1852,  217. 
Lubrication,  Paper  on  a  new  lubricating  material,  1853,  65.  —  Cost  of 
lubricating  material,  68. 
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Leahy,  E.,  Original  Member,  1847. 
Leahy,  M.,  Original  Member,  1847. 
Lean,  T.,  Engines,  Portable,  for  Mining,  economy  of  fuel  very  important  in 

Cornwall,  1873,  183. — Best  Cornish  engines  not  reported,  189. — Falling- 

off  in  duty  of  Cornish   engines  of  late   years,  190. — Slow   combustion 

impracticable   with  bad   coal,    190. — Highest   piston-speed   of    Cornish 

engines,  198.— Table  of  duty  of  Cornish  pumping  engines  from  1811  to 

1872,  200,  201. 
Leather,  J.,  elected  Member,  1848,  July,  20. 
Leather,  J.  T.,  elected  Honorary  Member,  1859,  54. 

Le  Chatelier  Steam  Break.     See  Counter-pressure  Steam  Break,  1870,  21. 
Ledger,  J.,  elected  Member,  1865, 53. 
Ledger,  T.,  elected  Member,  1852,  153. 
Lee,  J.,  elected  Member,  1860,  89. 
Lee,  J.  C.  F.,  elected  Member,  1862,  47. 
Lee,  W.  (Cheltenham),  Original  Honorary  Member,  1847. 
Lee,  W.  (Tipton),  elected  Member,  1871,  2G2. 
Lee's  Eailway  Break.     See  Break,  Railway,  1852,  20. 
Leeds  Summer  Meetings,  1859,  133.— 1868,  103. 
Lees,  J.,  elected  Member,  1857,  11.— Decease,  1862,  3.— Memoir,  17. 
Lees,  S.,  elected  Member,  1857,  201. 
Lees,  S.,  Jun.,  elected  Member,  1863,  57. 
Leese,    Fuel    Economiser,    saving    in    consumption    of    fuel,    1857,    198. — 

Examination  and  cleansing,  199. 
Leigh,  E.,  elected  Member,  1863,  113. 
Leigh,  F.  A.,  elected  Member,  1865,  53. 
Leigh,  J.,  elected  Member,  1866,  264. 

Lemielle's  Ventilating  Machine.    See  Ventilating  Machine,  1858,  63. 
Lenz,  a.,  Uchatius  Cast  Steel,  some  impurity  advisable  in  steel,  1858,  152. — 

Description  of  Chenot's  process,  153. 
Leonard,  E,  J.,  elected  Member,  1870,  19. 
Leslie,  A.,  elected  Member,  1858,  266. 
Leslie,  B.,  elected  Member,  1872,  119. 
Levi,  L.,  Decimal  Measure,  Inch  and  Metre,  importance  of  uniform  international 

system  of  weights  and  measures,  1865,  48. — Thorough  efficiency  of  metre 

system  for  English  requirements,  49. 
Levick,  F.,  elected  Member,  1856,  250. — Decease,  1868,  2. — Memoir,  17. 

Coal-Cutting  Machine,  holing  very  thick  coal,  1864,  284. — Working  inclined 

seams,  287.— Cost  of  machine,  291. 
Levick,  T.,  Coal-Cutting  Machine  (Jones'),  Paper  on  a  coal-cutting  machine, 

1864,  272. — Holing  done  in  three  cuts,  289.— Driving  headings,  290. — Air 

pipes,  291. — Undercutting  hard  coal,  296. 
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Lewis,  B.,  elected  Member,  1848,  Apl.,  23. 

Lewis,  R.  A.,  elected  Member,  1872,  26. 

Lewis,  R.  W.,  elected  Member,  1872,  75. 

Lewis,  T,  W.,  elected  Member,  1860,  250. 

LiBEAEY,  Donations  to,  1850,  Jan.,  39.— 1851,  Jan.,  4.— 1852,  4.— 1853,  4.— 
1854,  2.— 1855,  2.— 1856,  2.— 1857,  2,  202.— 1858,  2.-1859,  2.-1860,  2.— 
1861,  2.— 1862,  3.— 1863,  2.-1864,  2.— 1865,  2.-1866,  2.— 1867,  2.-1868, 
2.-1869,  2.— 1870,  2.— 1871,  2.— 1872,  2.-1873,  2. 

Licket  Incline  on  Midland  Railway,  working  of,  1863,  111. 

Lift,  Pneumatic.     See  Pneumatic  Lift,  1849,  Juh',  11. 

Lifting  Jack,  Hydraulic.     See  Hydraulic  Shears  and  Punch,  1862,  343. 

Lifting    Machine,   Paper  on  a    new  portable   lifting  machine,   by  J.   E. 
McConnell,  1852,  88. — Descripton  of  machine,  88. — Power  gained,  89. — 
Application  of  plan  to  vice  and  rack-pulley,  90. 
Discussion. — McConnell,  J.  E.,  90. 

Lighthouse  Apparatus,  Paper  on  the  construction  of  lighting  apparatus  for 
lighthouses,  by  A.  Masselin,  1862,  48. — Early  lighthouses,  48. — Dioptric 
lights,  49. — Table  of  "orders "  of  dioptric  lights,  50. — Catoptric  lights,  5 1 . — 
Comparison  of  the  two  systems,  51. — Lamps,  53. — Chimney,  oil,  wicks, 
&c.,  56. — Description  of  revolving  dioptric  apparatus,  57. — Lantern,  58. 
— Divergence  of  rays,  59. 

Discussion. — Cochrane,  A.  B.,  61,  62,  63,  65,  G6,  67. — Lloyd,  Sampson, 
64.— Masselin,  A.,  61,  62,  63,  64,  65,  66.— Mathews,  W.,  Jan.,  66. 

Lighthouse,  Wrought-Ieon,  Paper  on  the  Budawrought-iron  lighthouse,  by 
J.  H.  Porter,  1861,  15. — Position  of  lighthouse,  15. — Construction  of 
lighthouse,  16. — Screw  piles,  17. — Girders  at  base,  18. — Main  pillars,  19. — 
Attachments  of  girders  and  framing,  21.— Dwelling-house,  22. — Lighting 
apparatus,  23. 

Discussion, — Bramwell,  F.  J.,  28,  29. — Cochrane,  J.,  27. — Cowper,  E.  A., 
26.— Fenton,  J.,  25.— Fernie,  J.,  29.— Fothergill,  B.,  29.— Markham,  C, 
28.--Masselin,  A.,  27.— Porter,  J.  H.,  25,  27,  29. 

Lighting  Railway  Trains  with  Gas.     See  Gas  Lighting  for  Trains,  1857,  242. 

Limestone  Seams  in  Glasgow  Coalfield.     See  Coalfield,  Glasgow,  1864,  229. 

LiNDAL  Cote  Junction,  locking  apparatus  for  signals  and  points,  1873,  36. 

LiNDSLEY,  G.,  elected  Member,  1864,  271. 

Link  Motion,  Paper  on  an  improved  construction  of  link  motion  for  locomotive 
and  other  engines,  by  A.  Allan,  1856,  70. — Ordinary  stationary  and 
shifting  links,  70.— Description  of  straight  link,  71. — Lead  preserved 
almost  uniform,  72. — Diagrams  from  straight  link,  72. — Description  of 
improved  form  of  link,  73. — Other  forms,  73. — Tables  of  distribution  of 
steam,  74. — Reversing  rack,  76. 

Discussion.— Fenion,  J.,  76,  77.— Fernie,  J.,  76. — Fothergill,  B.,  76,  77. 
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Linn,  A.  G.,  elected  Member,  1856,  79. 
Linn,  J.,  elected  Member,  1850,  Jan.,  5. 
LiNSLET,  S.  "W.,  elected  Member,  1872,  254. 
Little,  C,  elected  Member,  1857,  11. 

Hydraulic  Shearing  Press,  Pajjer  on  a  hydraulic  shearing  press,  1858,  70. — 
Cost  of  shearing  machine,  76. 
Little,  G.,  elected  Member,  1866,  264. 

Little,  J.,  Scraper  for  Torquay  Water  Works,  Pajjer  on  the  mechanical  scraper 
for  removing  incrustation  in  the  mains  of  the  Torquay  Water  Works, 
1873,  216. 
Liverpool  Docks,  Machinery  for  Warehousing  Grain.    See  Corn-Warehousing 

Machinery,  1869,  208. 
Liverpool  Summer  Meeting?,  1863,  U.S.— 1872, 119. 
Liverpool  Tunnel,  Ventilating  Fan.     See  Ventilating  Fan,  1871,  22,  66. 
Liverpool  Water  Works.     See  Water  Works,  Liverpool,  1863,  167. 
LiVESEY,  .J.,  elected  Member.  1867,  234. 
Llewellyn,  W.  H.,  elected  Member,  1873,  88. 
Lloyd,  C,  elected  Member,  1867,  59. 
Lloyd,  E.  R.,  elected  Member,  1863,  113. 
Lloyd,  F.  H.,  elected  Member,  1871,  117. 
Lloyd,  G.,  Regenerative    Gas   Furnace,   highly    satisfactory    for    flint-glass 

furnaces,  1862,  38. — Saving  in  fuel,  39.— Durability  of  furnace,  39. 
Lloyd,  G.  B.,  elected  Member,  1854,  5. 
Lloyd,  J.,  elected  Member,  1862.  93. 
Lloyd,  J.  F..  elected  Member,  1866,  55. 

Lloyd,  Sampson,  Original  Member,  1847.  —  Council,  1854,5.  — 1857,  11. — 

1860,  13.-1863, 14.— Vice-President,  1864, 18.-1865, 19.-1866,  16.— 

1867,  17.— 1868,   19.— 1869,    19.-1870,   18.— 1871,   20.-1872,   25.— 

Council,  1873,  24. 

Boiler  Lining,  use  of  collecting  pans  to  catch  deposit,  1871,  57. 

Disintegrator,  at  Swansea  used  for  pulverising  coal  and  calamine,  1872,  48. — 

Beaters  apt  to  break,  causing  others  to  break  also,  48. 
Friction  Hammer,  wood  facing  to  friction  lifting  rollers,  1854,  136. 
Hot-Blast  Ovens,  introduction  of  hot  blast  into  Staffordshire,  1859,  87. — 
Great  increase  of  yield  of  same-sized  blast  furnaces  after  introduction  of 
hot  blast,  88. 
Iron  Works,  extremity  of  gas  tube  in  throat  of  blast  furnace  usually  of  cast 
iron.  1863.  230. — Large  slow-working  blowing  engine  is  best,  230. — In 
some  blast  furnaces  best  to  take  off  only  portion  of  gas,  235. 
Nasmyth's  Girders,  Paper  on  Nasrayth's  girders  and  fire-proof  floors,  1849, 
Oct.,  27.— Cast  iron  bears  greater  compression,  but  wrought  iron  facilitates 
distribution  of  pressure,  31. 
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Lloyd,  Sampson  (continued). 

Pumping  Engine,  wrought-iron  beam  composed  of  plates  riveted  together, 

1863,  266. 
Water  Axlebox,  Paper    on  Aerts'    water  axlebox,  1860,  178.  -Successful 
application  to  heavy  shafting,  182. 

Lloyd,  Samuel,  Jun.,  elected  Member,  1852,  191. 

Blast-Furnace  Gas,  Paper  on  taking  off  the  waste  gas  from  open-topped 
blast  furnaces,  1860,  251. — Gases  taken  off  successfully  with  open-topped 
furnace  in  South  Staffordshire,  129. — Dust  from  furnace  caught  in  gas 
tube,  271. — Slightly  increased  yield  in  puddling  iron  from  furnace  with 
gas  taken  off,  272. — Variation  in  quantity  of  gas  given  off,  272. — Sticking 
of  valves  in  gas  main  from  accumulation  of  pitch,  275. — Central  tube  for 
waste  gas  in  open-topped  furnace,  1869,  38. 
Turntable,  Paper  on  an  improved  turntable,  1853,  126. 
Ventilating  Machine,  Paper  on  Lemielle's  ventilating  machine  for  mines, 
1858,  63.— Cost  of  machine,  67. 

Lloyd,  S.  Z.,  elected  Member,  18^,  121. 

Lloyd,  W.,  elected  Member,  1862,  47. 

Lloyd's  Blowing  Fan.    See  Hoist  and  Cupola,  1856,  54,  56. 

Loam,  M.  H.,  elected  Member,  1863,  57. 

Loch  Katrine  Watee  Woeks.    See  "Water  "Works,  Glasgow,  1864,  123. 

LocKHAET,  H.  C,  elected  Member,  1869,  77. 

Locks,  Paper  on  the  progress  of  improvements  in  locks  in  the  "United  States  of 
America,  by  P.  R.  Hodge,  1851,  June,  16. — English  locks,  16. — Andrews' 
lock,  17. — Newell's  permutating  lock,  17. — Picking  instruments,  19. — 
Description  of  Newell's  parautoptic  lock,  20. — Number  of  changes  of 
tumblers,  22. — Sources  of  security,  22. 

Z>tsc?mt07i.— Appold,  J.  G.,  27.— Chubb,  J.,  23,  24,  25,  26.— Geach,  C, 
26.  — Hensman,  H.,  26.  — Hobbs,  A.  C,  25,  27.  — Hodge,  P.  R.,  23,  25.— 
McConnell,  J.  E.,  23,  24,  27.— Russell,  J.  S.,  24,  25. 

Lock,  Paper  on  an  improved  construction  of  lock  and  key,  by  J.  B.  Fenby, 
1866,  79.— Fixed-guard  or  warded  locks,  79.— Egyptian  lock,  80.— Letter 
lock,  80. — Tumbler  lock,  81. — Barron  tumbler  lock,  81. — Lever  lock,  81. — 
Bramah  lock,  82.  —  Newell's  American  lock,  83.  —  Mode  of  picking 
movable-guard  locks,  85. — Improved  lock  and  key,  88. — Key  in  two  parts, 
89. — Impossible  to  introduce  a  pick,  90. — Unlocking,  91. — Security 
against  false  keys,  93. — Key-cutting  machine,  94. -Special  features  of 
improved  lock,  96. 

2);5c?/s«j0rt.— Fenby,  J.  B.,  98,  99,  100,  101.— Longridge,  W.  S.,  101.— 
Maudslay,  H.,  99,  100,  101,  102. 

Lock,  Bank,  description  of,  by  E.  Cotterill,  1852,  93. 
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Locomotive,  Atlas,  Paiur  on  the  luggage  engine  "  Atlas,"  by  C.  F.  Beyer, 

1847,  Nov.,  3. — Description  of  engine,  3. — Diagrams  of  working  of  valves, 
5. — Form  of  wear  of  tyres,  6. — Particulars  of  trial  of  engine,  6. — Tables 
of  curves,  gradients,  and  working  cost,  8. 

Locomotive  Axlebox.  See  Axlebox,  1851,  Jan.,  30. — 1851,  Apl.,  3.— 1852. 
213.— 1853,  37. 

Locomotive  Axlebox  and  Coupling  Rod.    See  Axlebox,  1858,  166. 

Locomotive  Blast-Pipe,  force  required  to  overcome  resistance  of  tubes,  1849, 
Apl.,  5,  10. 

Locomotive  Boiler.    See  Boiler,  1849,  July,  3.— 1856,  233,  236.— 1866,  56. 

Locomotive  Boiler  Tubes.    See  Boiler  Tubes,  1867,  46. 

Locomotive,  Cambrian,  Paper  on  the  adaptation  of  the  Cambrian  engine  to 
locomotive  purposes,  by  J.  Jones,  1848,  Oct.,  13. — Side,  levers  receive 
oscillating  motion  from  pistons,  and  coupled  by  connecting-rods  to  crank- 
pins  on  leading  and  centre  wheels,  13. — Centre  pressure  and  oscillating 
motion  of  engine  avoided,  13. — Increased  leverage  obtained  towards 
dead  centres  of  crank,  13. — Long  stroke  of  crank  obtained  without  long 
stroke  in  cylinder,  13. 

Blscvssion. — Beyer,  C.  F.,  17. — Cowper,  E.  A.,  14,  16,  17. — Crampton, 
T.  R.,  14,  15,  17.— Humphrys,  E.,  16.— Jackson,  P.  R.,  17.— McConnell, 
J.  E.,  15,17.— Peacock,  R.,  15.— Slate,  A.,  15,  16,  17. 

Locomotive,  Carriage,  Paper  on  an  express  locomotive  engine,  by  J.  Samuel, 

1848,  June,  8. — Small  "  carriage  engine  "  for  conveying  passengers  on 
branch  lines,  8. — Engine  and  carriage  combined  to  reduce  dead  weight, 
8. — Light  railways  at  small  cost  could  be  made  available  for  branches 
with  small  traffic,  9. 

Discussion. — Cowper,  E.  A.,  10. — McConnell,  J,  E.,  10. — Samuel,  J.,  10. 

Locomotive,  Coal-Burning,  Paper  on  an  improved  locomotive  engine,  by 

J.  Beattie,  1854,  24. — Coal-burning  locomotive,    24. — Details  of  trials, 

25. — Description  of  coal  firebox,  25. — Water   heater,   27.  —  Success  of 

working,  28. 

Z>isc?/ssio?t.— Beattie,  J.,  29,  31,  32.— Clark,  D.  K.,  31.— Cowper,  E.  A., 
29,  30,  32.— Fairbairn,  W.,  29, 30,  33.— Hodge,  P.  R.,  29,  30,  32,— Siemens, 
C.  W.,  31.— Slate,  A.,  29,  30. 
Locomotive,  Coal-Burning,  Paper  on  the  burning  of  Welsh  steam  coal  in 
locomotive  engines,  by  J.  Tomlinson,  1858,  274. — Failure  of  firebars  on 
first  using  coal,  274. — Layer  of  broken  firebrick  covering  firebars,  275. — 
Experiments  on  commercial  value  of  different  coals  and  coke,  276. — 
Analysis  of  Aberdare  four-foot  coal,  278.  —  Tables  of  experiments  on 
Welsh  steam  coal  and  coke,  279  to  285. 

Z>i«cMmo«.— Chellingworth,  T.  T.,  294.— Clift,  J.  E.,  287,  290,  294.— 
Cowper,  E.  A.,  293.— Craig,  W.  G.,  290,  294.— Fenton,  J.,  288,  291.— 
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Locomotive,  Coal-Buening  (continued). 

Fernie,  J.,  294,  295.— Fothergill,  B.,  288.— Laybom-ne,  E.,  287,  288,  292, 
29.3.— Maudslaj^  H.,  286,  28S,  293,  29.5.— Siemens,  C.  W.,  294.— Smith,  W., 
291.— Tomlin.son,  J.,  286,  287,  288,  290,  292,  293,  294. 

Locomotive,  Coal-Buening,  Paper  on  the  burning  of  coal  instead  of  coke 
in  locomotive  engines,  by  C.  Markham,  1860,  147. — Eai-ly  attempts  at 
coal-burning,  148. — Eequirements  for  complete  combustion  of  coal,  150. — 
Experiments  on  Midland  Kailway  with  air  tubes,  brick  arch,  and  deflecting 
plate,  151.  —  Very  long  deflecting  plate  great  improvement,  153. — 
Deflecting  plate  for  fireboxes  with  midfeather,  154.  —  Double-sliding 
firedoors,  155.  —  Improved  firebrick  arch,  156.  —  Steam  jet  to  consume 
smoke  when  engine  standing,  157. — Firebars,  157. — Table  of  experiments 
on  evaporative  power  of  cokes  and  coals,  159. — Saving  from  use  of  coal 
instead  of  coke,  161. — Cost  of  altering  locomotive  to  burn  coal,  162. — 
Tables  of  evaporative  power  of  various  cokes  and  coals,  164  to  171. 

Discussion. — Adamson,  D.,  174. — Cowper,  E.  A.,  176. — Fenton,  J., 
173,  176,— Fothergill,  B.,  172,  175.— Markham,  C,  173,  175.— Wrigley,  F., 
172. 

Locomotive,  Cugnot,  Paper  on  Cugnot's  original  invention  of  the  locomotive 
steam  engine  for  common  roads,  by  E.  A.  Cowper,  1853,  33. — History  of 
Cugnot's  engine,  34. — Description,  35.— Driving  rachets,  35.— Steering 
gear,  36. 

Discussion. — Stephenson,  E.,  37. 

Locomotives,  Distribution  of  Weight,  Paper  on  the  distribution  of  weight 
on  the  axles  of  locomotives,  by  J.  Eobinson,  1864,  92. — Main  conditions 
influencing  position  of  axles,  92. — Four-wheeled  engines,  93. — Six- 
wheeled  uncoupled  passenger  engines,  94. — Coupled  passenger  engines, 
97. — Engines  with  four  front  wheels  coupled,  99. — Six-coupled  engines, 
101. — Bogie  engines,  104. — General  principles  of  distribution  of  weight, 
105. — Difference  of  weights  on  rails  and  on  springs  at  each  axle,  106. — 
Adjustment  of  weights  by  screwing  up  springs,  108. — Compensating 
levers,  110. — Same  effect  produced  by  adjustment  of  springs,  112. 

Discussion. — Colburn,  Z.,  115, 118. — Neilson,^".  M.,  117. — Eamsbottoin, 
J.,  114,  118.— Eeynolds,  E.,  118.— Eobinson,  J.,  114,  117.— Siemens,  C.W., 
114.— Webb,  F.  W.,  115. 

Locomotives,  Exhibition,  Paper  on'the  locomotive  engines  in  the  International 
Exhibition  of  1862,  by  D.  K.  Clark,  1863,  78.— Inside-cylinder  engines, 
79. — Outside-cylinder  engine,  80. — Trough  and  scoop  for  supplying  water 
while  running,  81. — Inside-cylinder  exjiress  engines,  81. — Large  driving 
wheels,  8B. — Long  sloping  firebox  with  midfeather,  85. — Flanged  joints 
for  boiler,  87.  —  Steel  tyres,  89.  —  Tank  locomotives,  90.  —  Foreign 
locomotives,  91.— Solid  wrought-irou   wheels,  92. — "  Dromadaire  "  tank 
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Locomotives,  Exhibition  (continued). 

engine  for  heavy  gradients,  92. — Four-cylinder  tank  engine,  93. — Meyer's 
"  articulated  "  engine,  95. — Austrian  "  duplex  "  engine,  97. — "  Steierdorf  " 
engine  with  five  coupled  axles,  98. — Use  of  steel  in  Prussian  engines,  99. — 
General  conclusions,  101. — Tabular  descriptions,  106, 

Biscvssmi.—Bovich,  W.,  110.— Clark,  D.  K.,  108,  109,  110.— Fernie,  J., 
110.— Lloyd,  Sampson,  108,  109,  110,  111. -Webb,  F.  W.,  108. 
Locomotive,  Express,  Paper  on  an  express  engine,  by  W.  "Weallena,  1849, 
Apl.,  8. — Engine  for  express  trains  between  Newcastle  and  York,  8. — 
Valves  on  outer  side  of  cylinders  with  eccentrics  outside  wheels,  8. — 
Bearings  inside  for  crank  axle,  outside  for  leading  and  trailing  axles,  8. 
Discussion. — Bej'er,  C.  F.,  9.— McCounell,  J.  E.,  9. — Stephenson,  E.,  9. 
Locomotive  Feed-Pipe  Connexion.    See  Feed-Pipe  Connexion,  1862,  88. 
Locomotive  Lisk-Motion.    See  Link-Motion.  1856,  70. 
Locomotive  Shed.    See  Engine  Shed,  1851,  Jan.,  22.-1858,  256. 
Locomotive  Water  Supply,  Water  Raising  Apparatus,   Paper  on  Fryer's 
apparatus  for  filling  locomotive  tenders  with  water,  by  J.  Fenton,  1859, 
211. — Description  of  apparatus,  211. — Experiments  showing  only  slight 
fall  of  pressure  in  boiler  when  filling   tender,  213. — No  trouble  from 
frost,  213. 

I)iscHssio7i.—Ba?.to\7,  S.,  216.— Fenton,  J.,  214,  216.— Fryer,  A.,  214.— 
Penn,  J,,  215,— Williams,  K,  P.,  216. 
Locomotive  Water  Supply,  Paper  on  a  method  of  supplying  water  to 
locomotive  tenders  whilst  running,  by  J.  Eamsbottom,  1861,  43. — 
General  description,  43, — Scoop,  44. — Water  trough,  44, — Regulating 
supply-cistern,  45,  —  Ice  plough,  46.  —  Principle  of  action,  46,  — 
Experiments,  47. — Velocimeter,  49. — Advantage  gained  by  this  plan,  49. 

Discussion— Cmt,  J.  E,,  52.— Fothergill,  B,,  52,— Markham,  C,  51.— 
Marshall,  W.  P.,  52.— Ramsbottom,  J.,  50,  52. 
London  Summer  Meetings,  1851,  June,  3.-1862,  93. 
LONGRiDGE,  R.  B.,  elected  Member,  1856,  7. 

Boiler  Economy,  Paper  on  the  relative  economy  and  durability  of  various 
classes  of  stationary  steam  boilers,  1859,  147. —  Galloway  multitubular 
boiler,  high  evaporative  duty,  163. 
Boiler  Explosions,  proportion  of  explosions  due  to  negligence  of  attendants, &c., 
1870, 202. — Cornish  boilers  safer  than  plain  cylindrical,  202. — Overheating 
of  plates  from  incrustation,  202. — Grease  from  exhaust  steam  causes  injury 
to  boiler  when  water  contains  carbonate  of  lime,  203. — Sulphate  of  lime 
not  so  injurious  as  carbonate,  203. 
Steam  Engine,  hot-air  casing  instead  of  steam-jacket,  very  successful,  1855, 
205. 
LONGRIDGE,  W.  S.,  elected  Member,  1865,  218. 

Boilers,  Corrosion  of,  manufacture  of  boilers  in  complete  rings,  1866,  76. 
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LONGSDON,  A.,  elected  Honorary  Member,  1865,  102. 

LOED,  B.,  elected  Member,  1866,  264. 

LOED,  J.,  elected  Honoraiy  Member,  1848,  Apl.,  24. 

LoED,  T.  W.,  elected  Member,  1859,  97.— Decease,  1871,  2.— Memoir,  16. 

Low,  G.,  elected  Member,  1861,  63. 

Rock-Boriag   Machine,    Pa])er    on  a  rock-boring    machine,   1865,    179. — 
Frequency  of  sharpening  tools,  191. — Weight  of  machine,  194. 

Lowe,  J.  E.,  elected  Member,  1873,  a8. 

LOXTON,  J,,  elected  Member,  1862,  20. 

LUBEICATION,  Paj)er  on  railway  axle  lubrication,  by  W.  B.  Adams,  1853,  57. — 
Action  of  lubrication,  57.  —  Pressure  on  axles,  58.  —  Ordinary  mode  of 
lubrication,  58. — Description  of  improved  axlebox,  60. — Movable  journals 
for  axles,  61. — Long  axle  bearings,  61. — Double-cone  journal,  62. 

Discussion. — ^Adams,  W.  B.,  63,  64,  65, — Allan,  A.,  64. — Cowper,  E.  A., 
64.— Lea,  J.,  65.— Slate,  A.,  63,  64,  65. 

LUBBICATION,  Paper  on  a  new  lubricating  material,  by  J.  Lea,  1853,  65. — 
Objections  to  ordinary  lubricants,  65. — New  lubricating  compound,  66. — 
Saving  in  cost  of  engine  lubrication,  67. 

Discussion. — Everitt,  G,  A.,  68. — Lea,  J.,  68. — Slate,  A.,  68. 

Lucas,  A.,  elected  Member,  1873,  250. 

Lucy,  W.,  elected  Honorary  Member,  1850,  Jan.,  5. 

Ludeks,  T.  L.,  Boiler,  Cast-iron,  Harrison's,  application  to  puddling  furnaces, 
1864,  81. — Cost  of  boiler,  82. — Temperature  of  waste  heat,  82. — Facing- 
machine  for  joints,  84. — Freedom  from  scale  and  rust,  84. — Oblique 
setting,  85. — Feed  and  steam  pipes,  86. — Joints,  87. — Blowing  out  scale, 
88. — Long  period  of  working  without  need  of  opening  boiler,  91. 

LUKIN,  A.  S.,  elected  Member,  1872,  75. 

LUNDH,  S.  H.,  elected  Member,  1865,  20. 

Lynde,  J,  G.,  elected  Member,  1854,  110. 

Lyndon,  G.  F.,  elected  Member,  1868,  212. 

Lystee,  G.  F.,  elected  Member,  1872,  119. 
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Mabbutt,  T.,  elected  Member,  1869,  77, 

Macfaelane,  W.,  elected  Member,  1864,  271. 

MacGeegoe,  J.,  elected  Honorary  Member,  1848,  July,  20. — Decease,  1859,  2. 

MacGeegob,  W.  F.,  elected  Member,  1848,  July,  20. 

Mackay,  J.,  elected  Member,  1856,  250. 
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Mackenzie,  W.,  Ventilation,  Mechanical,  Paper  on  the  mechanical  ventilation 
and  warming  of  St.  George's  Hall,  Liverpool,  1863,  lO-l. — Objectionable 
to  admit  fresh  air  above  and  di-aw  off  foul  air  below,  204. 
MACLAEEN,  K.,  Water  "Works,  success  of  bored  and  turned  joints  at  Dublin, 

1863,  188. — Cost  of  pipes  with  bored  and  turned  joints,  188. 
Macnab,  a.  F.,  elected  Member,  1864,  271. 
MacNay,  W.,  elected  Member,  1865,  102. 
Macnee,  D.,  elected  Member,  1865,  102. 
Madigan,  E.,  elected  Member,  1847. 
Magnetic  Water  Gauge.    See  Water  Gauge,  1860,  83. 
Mair,  J.  G.,  elected  Member,  1873,  45. 
Mallet,  R.,  elected  Member,  1867,  234. 

Corn-Mill,    Buchholz,    cerealine    contains    nitrogenous    portion    of    flour, 

therefore  undesirable  to  remove  it,  1872,  238. 
Docks,  Floating,  difficulty  in  erecting  floating  docks,  1867,  106. — Slip  for 

launching  ships  broadside,  106. 
Flow  of  Solids,  fibre  of  iron  only  elongated  crystals,  1867,  145. — Separation 

of  zinc  from  brass  under  pressure,  146. 
Hydi'aulic   Machinery,   letter   from  J.   Bramah   suggesting    application  of 

principle  of  hydraulic  press  to  cranes,  &c.,  1868.  40. 
Printing  Machine  for  Bank  Notes,  former  plan  of  printing  bank  notes,  1865, 

176. — Present  machine  very  perfect,  177. 
Weil-Boring,  difficulty  of  boring  through  hard  mass  with  inclined  surface, 
1867,  189. — Wooden  rods  with  steel  couplings,  190. 
Maltby,  W.,  Sand-Blast  Process,  gives  sharper  edge  to  pattern  than  etching  by 

fluoric  acid,  1873,  277. 
Manby,  C,  elected  Honorary  Member,  1860,  53. 
Manchester  Summer  Meetings,  1857,  85.— 1866,  103. 
Manchester  Water  Works.    See  Water  Work?,  1866,  245. 
Manning,  J.,  elected  Member,  1859,  53. 

Brick-Making,  cost  of  labour,  &c.,  in  making  bricks  by  machine,  1859,  259. 
Steam  Koad  Eoller,  thorough  efficiency  of  Paris  rollers,  1869,  1 14. 
Mansell,  E.  C,  elected  Member,  1862,  47. 
Mappin,  F.,  elected  Graduate,  1868,  212. 
Mappin,  F.  T.,  elected  Member,  1862,  47. 
March,  G.,  elected  Member,  1857,  201. 

Marine  Engines,  Paper  on  the  commercial  economy  of  working  steam 
expansively  in  marine  engines,  with  description  of  a  new  double  expansive 
marine  engine,  by  E.  E.  Allen,  1855,  59.  — Power  developed  by  expanding 
steam,  59. — Proportion  in  weight  of  coals  to  machinery  in  steamers,  61. — 
Early  notice  of  economy  of  expanding  steam,  62, — Weight  of  machinery 
and  coals  Avith  increased  size  of  engine,  64, — Space  occupied  by  coals  and 
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by  engines,  Go. — Weights  of  different  parts  of  machinery,  6G. — Space 
occupied  by  machinery  and  coals,  67. — Tables  of  do.,  68,  69. — Cost  of 
engines,  &;c.,  70. — Cost  of  vessels  and  their  coals,  71. — Table  of  do.,  72. — 
Working  expenses,  73,  74. — Increased  dividend  on  capital  from  economy 
of  expansive  working,  75. — Tables  of  do.,  77,  78,  79. — Effect  of  increasing 
size  of  engines,  80. — Table  of  do.,  81. — Effect  on  cargo  space,  6cc.,  of 
increased  size  of  engines,  82,  83,  8i. — General  summary,  87. — Objects  to 
be  attained  in  expansive  engine,  90. — Description  of  proposed  expansive 
engine,  91. — Double-acting  arrangement  of  engine,  92. 

Bi^cussion.— Allen,  E.  E.,  93,  94,  95. -Fairbairn,  W.,  93,  94,  95,  96.— 
Jackson,  P.  R.,  95.— Miller,  J.,  95.— Wills,  W.  E.,  93. 

Marine  Engines,  Supplementary  Paper  on  the  commercial  economy  of 
working  steam  expansively  in  marine  engines,  by  E.  E.  Allen,  1855,  97. 
— Three  ways  of  increasing  economy  from  expansion,  98. — Table  of 
power  developed  and  volume  of  steam  at  different  pressures,  100. — 
Eelative  economy  of  increased  pressure  and  increased  size  of  engines,  102. 
— Economy  from  increased  pressure  in  same  cylinder,  103,  104. — Table  of 
weights  of  machinery  and  coal  with  increased  size  of  engines,  105. — Table 
of  spaces  occupied  by  do.,  106. — Gain  in  cargo  space  by  do.,  107. — Tabular 
summary  of  results  of  increased  size  of  engines,  108. — Tables  of  results 
of  increased  steam  pressure,  110,  111.  112,  113. — Advantages  of  proposed 
new  form  of  engine,  115. 

Discussion.— AXlen,  E.  E.,  118, 119, 120, 121,  122, 123, 124.— Garland,  W., 
124— Hodge,  P,  R.,  119,  120,  121.— Jones,  E.,  119.— McConnell,  J.  E.,  118, 
119,  120,  121,  122,  123,  124.— Shipton,  J.  A.,  122,  123. 

Marine  Engines,  Paper  on  a  direct-action  marine  engine  for  screw  propulsion, 
by  E.  Hunt,  1856,  159. — Importance  of  compact  engines  for  screw 
propellers,  159. —  Description  of  engine,  160. — Z  crank,  161. — Action  of 
engine,  161. — Compact  arrangement  of  engine,  162. — Modifications,  163. 
Discussion.— V>\xnn,  T.,  164.— Harvey,  E.,  164.— Hunt,  E.,  164.— 
Morrison,  R.,  164.— Whitworth,  J.,  1G4. 

Marine  Engines,  Paper  on  the  progress  effected  in  economy  of  fuel  in  steam 
navigation,  considered  in  relation  to  compound-cylinder  engines  and 
high-pressure  steam,  by  F.  J.  Bramwell,  1872,  125. — Foi-mer  disregard  to 
economy  of  fuel,  125. — Old  forms  of  marine  boilers  and  engines,  128. — 
Early  attempts  at  using  steam  of  higher  pressure,  130. — Early  condensers, 
131. — English  steamers  in  1839,  133. — Improvement  in  engines  and 
increase  of  boiler-pressure,  133. — Revival  of  surface  condensers,  134. — 
Compound-cylinder  engines,  135. — MacXaught"s  arrangement,  136. — 
Simpson's  pumping  engines  with  special  valve,  136. — Compound-cylinder 
marine  engines,  137. — Single-cylinder  engines  in  American  river  boats, 
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141, — Variation  in  tangential  force,  142. — Shock  on  working  parts  with 
single  cylinders,  143. — Description  of  indicator  diagrams,  1-15. — Various 
arrangements  of  compound  engines,  with  particulars  of  working,  146  to 
153. —  Marine  boilers,  154. — Superheating  of  steam,  155.  —  Surface 
condenser,  156. — Tables  of  consumption  in  compound  marine  engines, 
159. — Boilers,  do.,  160. — Surface  condensers,  do.,  161. — Steamships  with 
compound  engines,  162. 

Discusslo?i.—Amrey,  E.  E.,  175,  178.— Bramwell,  F.  J.,  163,  165,  181. 
— Crampton,  T.  R.,  166,  173,  178.— Gray,  J.  McF.,  168.  — Gurden,  C.  F., 
175,  179. — Head,  J.,  171. — Humphrys,  R.  H.,  166. — Jamieson,  J.  L.  K., 
163,  172. — Laird,  W.,  177,  179. — Ramsbottom,  J.,  179. — Siemens,  C.  W., 
163,  165,  171,  184.— Thompson,  W.,  164,  165,  174. 

Maeine  Engines,  Condensation.    See  Condenser,  1862,  99. 

Mabine  Engine  Governor.    See  Governor,  1853,  117.— 1859,  92. 

Markham,  C,  elected  Member,  1856,  49. 

Blast-Furnace  Waste  Gas,  successful  application  of  waste  gas  to  heating 

boilers  in  France,  1860,  128. 
Coal  Burning  in  Locomotives,  Paper  on  the  burning  of  coal  instead  of  coke 

in  locomotive  engines,  1860,  147. — Durability  of  deflecting  plates,  173. 
Decimal  Measurement,  advantages  of   inch  over  metre   as   standard  unit, 

1860,  230. 

Locomotive  Water  Supply,  thorough  ef&ciency  of  Ramsbottom's  apparatus, 

1861,  51. 

Safety  Wagon  Coupling,  Paper  on  a  new  safety  coupling  for  railway  wagons, 

1860,  277. — Former  mechanical  coupling  not  successful,  282. 
Steam  Hammer,  Paper  on  Naylor's  double-acting  steam  hammer,  1857,  233. 
Superheated  Steam,  gain  from  superheating,  greatly  due  to  increased  heating 

surface  of  boiler,  1860,  29. 
Surface  Condensers,  effect  of  pure  water  in  removing  incrustation,  1863, 157. 
JilARSDEN,   H.  R.,   Stone-Breaking  Machine,   Blake's,  breaking  granite   and 
emery,  1864,  25. —  Cost  of  machine,  26. —  Crushing  of  hammer-heads 
accidentally  dropped  into  machine,  27. — Inclination  of  jaws,  27, — Very 
little  dust  produced,  30. — DiflEerent  forms  of  teeth  of  jaws,  32, 
Marsh,  H.  W.,  elected  Member,  1871,  117. 
Marsh,  S.,  elected  Associate,  1871,  262. 

Marshall,  E.,  elected  Member,  1848,  Apl.,  23. — Decease,  1865, 2. — Memoir,  15, 
Marshall,  F.  C,  elected  Member,  1865,  53. 
Marshall,  James  (Gainsborough),  elected  Member,  1871,  262. 
Marshall,  Jaaies  (Seaton  Delaval),  elected  Member,  1862,  20. 
Marshall,  John,  elected  Honorary  Member,  1856,  250. 

Marshall,  P.  P.,  Water  Works,  "preventors"  for  stopping  waste,  1863,  190.— 
Great  waste  of  water  in  North  Loudon  district,  191. 


M.  12? 

Mabshall,  W.  E.,  elected  Member,  1859,  14. 

Maeshall,  W.  p.,  elected  Member,  1847.— Secretary,  1849,  Jan.,  8. 

Crusbing  Macbine,  Paper  on  Berdan's  crushing  and  amalgamating  macbine, 

1854,  33. 
Rifles,  Breecb-Loading,  Paper  on  tbe  principal  constructions  of  breecb- 

loading    mecbanism    for    small    arms,   and    tbeir  relative   mecbauical 

advantages,  1871,  92. 
Marten,  E.  B.,  elected  Member,  1859,  53. 

Aero-Steam  Engine,  air-injection  entirely  prevents  scale,  1870,  239. — Very 

valuable  in  assisting  evaporation,  240. — All  sediment  blown  out  when 

blowing-off,  244. 
Boilers,  Perkins  and  Benson  boilers  successful  at  high  pressure,  not  at  low. 

1871,  245. 
Boiler  Explosions,  Paper  on  steam  boiler  explosions  and  their  records,  and 

on  inspection  as  a  means  of  prevention,   1866.    130. — Sand   not   very 

successful  covering,  179. 
Boiler  Explosions,  Paper  on  tbe  conclusions  derived  from  the  experience  of 

recent   steam   boiler  explosions,    1870,    179. — Not  much  advantage  in 

having  plates  thicker  than  necessary,  199. 
Boiler  Lining,  collecting  pans  very  useful  so  long  as  regularly  emptied 

when  full,  1871,  58. — ^Miittle  lining  very  successful  in  removing  scale, 

and  increasing  evaporative  duty  of  boiler,  58. 
Indicator,  Continuous,   particulars  of  comparison  with  ordinary  indicator, 

1871,  89. 
Pressure  Gauges,  seldom  correct,  frequently  too  low,  1871,  289. — Special 

gauge  for  testing  boilers,  2S9. 
Riveted  Joints,   greater  thickness   of  iron  in  joint  exposed  to  fire,  more 

readily  burnt,  1872,  89. — Lap-joints  stand  better  than  butt-joints,  89, — 

Double-riveted  joints  seldom  give  way,  89, — Diagonal-jointed  boiler,  good 

consti'uction,  89. — Strength  of  iron  against  different  strains  varies  much, 

90. 
Maeten,  G.  p.,  elected  Member,  1860.  89, 
Maeten,  H.  J.,  elected  Member,  1853,  8. 

Blast  Furnaces,  increase  in  size  of  furnaces  in   Shropshire  attended  with 

lower  consumption,  1869,  40. 
Hot-Blast  Ovens,  Paper  on  tbe  construction  of  hot-blast  ovens  for  iron 

furnaces,  1859,  62. — Prejudice  against  hot  blast  because  iron  can  be 

made  from   inferior  materials,  89. — Efficiency   of    round   ovens,   90. — 

Admiralty  report  adverse  to  hot-blast  iron,  based  on  very  insufficient 

data,  101. — Classification  of  various  ironstones,  103. — Hot-blast  iron  of 

good  quality  quite  equal   to  cold-blast,  104. — Very  small  reduction  of 

pressure  in  blast  passing  through  improved  oval  ovens,  from  absence  of 

leakage,  108. 
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Maeten,  H.  J.  (contiuued). 

Pumping  Engine,  durability  of  Hosking's  india-rubber  ball  valves,  1859.  59. 
Water-Works  Engines,  Paper  on  the  pumping  engines  of  the  Wolverhampton 
Water  Works,  with  some  remarks  on  water  pumping,  1856,  7. — Engine 
with  heavy  beam,  higher  duty  than  with  light  beam,  21. — Sand  covering 
for  boilers  very  successful,  22. 
Mabtin,  W.,  elected  Member,  1867,  234. 
ilAETiKDALE,  B.  H.,  Lt-Col.,  elected  Member,  1857,  202. 
Martineatj,  F.  E.,  elected  Member,  1854, 110. 
Maetley,  W.,  elected  Member,  1864,  121. 
MASSELI^',  A.,  elected  Member,  1857.  5.5. 

Lighthouse  Apparatus,  Paper  on  the  construction  of  lighting  apparatus  for 
lighthouses,  1862,  48. — Adjustment  of  lamp,  61. — Liability  to  accident 
in  old  form  of  pressure  lamp,  62. — Eange  of  light,  63. — Reflecting  lights 
gtill  in  use,  63. — Extension  of  lighthouse  system,  64. — Adjustment  of 
glass  prisms,  65. — Setting  of  prisms,  66. — Grinding  and  polishing  of 
prisms,  66. 
Wrought-Iron  Lighthouse,  construction  of  Buda  lighthouse  appears  hardly 
strong  enough,  1861,  27. 
Mathee,  W.,  elected  Member,  1867,  59. 

Well  Boring,  boring  with  rope  instead  of  with  rods  in  England,  1867,  185. 
Well  Boring;  Paper  on  well  boring  and  pumping  machinery,  1869,  278. — 
Action  of  claw-grapnel,   304. — Exti'acting  rope   from  bore-hole,   308. — 
Durability  of  ropes,  308. — Eope  system  not  recommended  for  shallow 
bore-holes,  309. 
Mathews,  W.,  elected  Member,  1853,  45.— Council,  1854,  5.— Decease,  1872, 
2. — Memoir,  19. 
Blast  Furnace-s,  no  great  advantage  from  use  of  waste  gases  in  Scotland, 

1852,  204. 
Blast-Furnace  Waste  Gas,  not  much  margin  for  economy  where  slack  is  very 

cheap,  1860,  270. 
Coal,    South    Staffordshire   Thick,   Paper   on   the   ten-yard   coal  of   South 

Staffordshire  and  the  mode  of  working,  I860.  91. 
Safety  Mine  Apparatus,  very  few  accidents  from  breakage  of  winding  rope, 
1854,  61. 
Matthew,  J.,  elected  Member,  1848,  Apl.,  23. 
Matthews,  T.  B.,  elected  Associate,  1868,  104. 
Matthews,  W.  A.,  elected  Member,  1847.- Council.  1849,  Jan.,  9.— 1851, 

Jan.,  8.— Decease,  1873,  2.— Memoir.  18. 
Maudslay.  H.,  elected  Member,  1853,  75. — Council,  1855,  5. — Vice-President, 
1857,  11.— 1858,    12.— 1859,  13.— 1860,  13.— 1861,   13.— 1862,   19.- 
1863.  14.— 1864.  18.— 1865.  19.-1866,  10.-1867,  17. 
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Library,  donation  of  books,  1857,  202. 

Pump,  Horizontal  V,  advantageous  for  pumping  very  dirty  water,  1864,  40. 

Pumping  Engines,  dished  valves  to  allow  free  action  of  india-rubber  disc, 

1858,  59. — Direct-acting  vertical  pumping  engines  for  irrigation  from 
Nile,  61. — Important  to  allow  india-rubber  valves  to  shift  on  their  seats, 

1859,  59. 

Kegenerative  Furnace,  simple  form  of  regenerator  for  balling  furnace,  1857, 

110. 
Rolling  Mill,  angle-iron  turned  over  when  passed  back  over  top  roll,  to 

knock  scale  off,  1866,  127. 
Safety  Valves,  piston  valves  liable  to  stick  from  deposit  on  rubbing  surface, 

1859,  193. 
Steam  Hammer,  arrangement  for  changing  anvil  face,  1855,  16. 
Stephenson,  Robert,  notice  of  decease,  1859,  245. 
Tools,  punched  holes  quite  satisfactory  for  riveting  two  plates  together, 

1864,  211. — Reason  for  preferring  drilled  holes  for  bridge  work,  211. 
Wood  Bearings,  great  success  of  screw-shaft  bearings,  1858,  88. 
Maudslay,  T.  H.,  Jun.,  elected  Member,  1864,  59. 
Maughan,  T.,  elected  Member,  1869,  120. 
Maw,  W.  H.,  elected  Member,  1873,  25. 
May,  C,  elected  Member,  1859,  14.— Decease,  1861,  2. 

Axles,  experiments  on  reduction  of  strength  per  square  inch  when  outside  of 
iron  bar  removed,  1853,  99. — Skin  of  iron  probably  not  stronger  than 
interior,  99. 
Brick  Machinery,  difficulty  in  getting  dry-clay  bricks  burnt  sufficiently, 
1859,  47. — Heavy  expense  for  wear  and  tear  in  most  brick-making 
machinery,  48, — Usual  cost  of  hand-made  bricks  in  London,  50. — 
Variation  in  size  of  bricks,  261. 
Governor,  chronometric  governor  thoroughly  successful,  1853,  86. — Example 

of  rapidity  of  action,  87. 
Railway  Chairs,  no  allowance  for  expansion  in  laying  Barlow  rails,  1853, 
106. 
May,  G,,  elected  Member,  1869,  120. 
May,  R.  C,  elected  Member,  1861,  14. — Nominated  Commissioner  of  Patents, 

1868,  49. 
May,  W.,  elected  Member,  1857,  55.— Council,  1861,  13.— 1864,  18.— 1866,  16. 
—1869,  19.-1872,  25. 
High-Pressure   Steam  Engine,   works   well,   boiler  very  safe    and    easily 

repaired,  1861,  105. 
Steam  Hammer,  elastic  anvil  to  diminish  breakages,  1855,  14. 
Mayek,  J.,  elected  Member,  1860,  250. 
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Mayhew,  H.,  elected  Graduate,  1867,  19. 

Maylob,  J.,  elected  Member,  1865,  218. 

Maylor,  W.,  elected  Member,  1859,  14. 

Maynard,   J.,    Capt.,   Ore-Dressing  Machinery,  mode  of   removing  wolfram 

from  tin  ore,  1873,  142,  143. 
McClean,  J.  R.,  elected  Member,  1847. — Council,  1852,  8. 
McCoNNELL,  J.  E.,  Original  Member,  1847.— Vice-President,  1847.— 1848.— 

1849,  Jan.,  9.-1850,  4.-1851,  8.  — 1852,  8.  — 1853,  7.  — Council, 

1854,   5.  — Vice-President,  1855,  5.  — 1856,  6.  — 1857,  11.  — Council, 

1858,  12. 
Axles,  Paper  on  railway  axles,  1849,  Oct.,  13. — Broken  axles  crystalline 

around  fracture,  though  fibrous  in  centre,  24. — Only  very  small  tapered 

shoulder  allowed  on  axle  at  wheel,  24. — Axle  crystalline  in  fracture 

restored  to  fibrous  state  by  heating  and  hammering,  26. 
Axles,  Supplementary  Papers  on  the  deterioration  of  railway  axles,  1850, 

Jan.,  5. — Apl.,  3. — Doubtful  if  tough  iron  is  really  fibrous,  9. — Action 

of  vibratory  wave  on  axle,  9. — Square  shoulder  at  wheel  boss  very 

objectionable,  1850,  Oct.,  11. — Precautions  necessary  in  experiments  on 

axles,  15. 
Axles,  Paper  on  hollow  railway  axles,  1853,  87. — Gauge  for  testing  thickness 

of  metal  in  hollow  axles,  96. — Breakage  of  fibrous  iron  from  crystallisation 

by  repeated  concussion,  97. — Hollow  axles  not  so  much  afEected  by 

repeated  blows  as  solid  axles,  100. 
Axlebox,  oil  best  for  lubrication,  1852,  217.  —  Cotton- waste  better  than 

sponge  for  oiling  axle,  221. 
Balancing  of  Wheels,  Paper  on  the  balancing  of  wheels,  1848,  June,  2. — 

Each  wheel  requires  balancing  separately,  not  correct  to  balance  the 

whole  attached  together,  7. — Want  of  balance  in  pistons  and  rods  causes 

accidents,  even  with  wheels  in  balance,  7. 
Boring  Locomotive  Cylinders,  cylinder  supplied  perfectly  fitted  to  replace  a 

broken  one,  1848,  Apl.,  3. 
Decimal  Measure,   inaccuracy  of  present  fractional  system,  1857,  143. — 

Inch  best  unit  for  England,  143. 
Expansion  of  Steam,  reports  of  engine  perfoimance  required  from  other 

districts  besides  Cornwall,  1849,  July,  30. 
Express  Engine,  port  faces  easy  to  get  at  for  repairs,  being  outside,  1849, 

Apl.,  9. 
High- Pressure  Boilers,  explosion  of  boiler  from  want  of  circulation  of  water 

in  lower  tubes,  1848,  July,  15. 
Lifting  Machine,  Paper  on  a  new  portable  lifting  machine,  1852,  88. 
Locomotive  Boiler,  heat  lost  by  air  in  centre  of  tubes  not  coming  in  contact 

with  sides,  1849,  July,  9.— Mixing  up  currents  of  air  in  flues  of  marine 
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and  stationary  boilers,  9. — Diminishing  resistance  in  tubes  by  increasing 

their  number,  10. — Small  tubes  and  large  number  produce  best  effect,  11. 
Permanent  "Way,  limited  breadth  of  bearing  surface  for  wheels  on  rail,  1849, 

Apl.,  31. 
Piston,  Paper  on  an  improved  wrought-iron  piston,  1854,  119. 
Kailway  Economy,  necessary  to  provide  for  maximum  of  power  wanted,  1849, 

Oct.,  9. — Smaller  power  of  engines  applicable  on  branch  lines,  9. — Small 

engines  on  Birmingham  and  Gloucester  line,  not  able  to  take  the  traffic, 

11. — Ordinary  carriages  very  great  weight  per  passenger,  11. 
Safety  Buffer,  difficulty  with  centre  rigid  bar,  because  ordinary  buffers  not 

all  ranged  in  a  line,  1848,  Apl.,  17. — Tendency  to  throw  off  middle  of 

train  on  a  curve,  17. — If  centre  buffer-rod  swerved,  great  destruction 

would  be  caused  in  carriage  when  rod  broke,  18. 
Starting  Apparatus,  gi-eat  advantage  of  hydraulic  apparatus  in  avoiding  end 

pressure,  1848,  Apl.,  14. — Objection  to  conical  clutch,  15. 
Steel  Manufactm-e,  steel  tyres  in  Prussia,  1857,  168. 
McCoifNOCHiE,  J.,  elected  Member,  1872,  26. 
McCONOCHiE,  J.,  elected  Member,  1849,  Apl,,  32. 

Railway  Chair,  Paper  on  an  improved  railway  chair,  1853,  9. — AVeight  of 

new  chairs,  17. 
McCOEMiCK,  S.,  elected  Member,  1849,  July,  39. 
McDonnell,  A.,  elected  Member,  1865,  102. 
McEwEN,  J.,  elected  Member,  1867,  60. 
McEwEN,  L.  T.,  elected  Member,  1864,  271. 
McKay,  B.,  elected  Member,  1868,  103. 
McKenzie,  James,  elected  Member,  1860,  89. 
McKenzie,  John,  elected  Member,  1859,  247. 
McNeile,  a.,  elected  Member,  1872,  119. 
McPheeson,  H.,  elected  Member,  1862,  93. 
Measurement,  Decimal.    See  Decimal  Measure. 
Measueement,  Peoof  of  Guns  by.     See  Guns.  Proof  of,  1866,  105. 
Mechanical  Fieino  of  Steam  Boilers.    See  Steam  Boilers,  1869,  155. 
Mechanical  Puddling.    See  Puddling,  Mechanical,  1864,  298.— 1867,  151. 
Mechanical  Ventilation  and  Warming.  See  Ventilation,  Mechanical,  1863, 

194. 
Meek,  S.,  elected  Member,  1863,  246. 
Meik,  T.,  elected  Member,  1858,  266. 
Memoies  of  Deceased  Members,  1862,  14.— 1863,  13.— 1864,  13.-1865,  13.— 

1866,  14.— 1867,  14.— 1868,  14.— 1869,  15.-1870,  14.-1871,  15.— 

1872,  16.-1873,  16. 
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MENELAU8,  W.,  elected  Member,  1857,  55.— Council,  1868, 19.— Vice-President, 
1870,  18.— 1871,  20.— 1872,  25.-1873,  2i. 
Coal-Cutting  Machinery,  holing  forms  only  small  portion  of  work  in  South 
Wales,  1868,  liS. — Compressed-air  machine  has  not  much  effect  on 
ventilation,  150. — Machine  not  of  much  use  in  soft  South  Wales  coal, 
1872,  221. — In  thin  hard  seams  machines  very  useful,  222.— Winstanley 
and  Barker's  machine  appears  one  of  the  best,  222. — Discharge  of  exhaust 
air  has  not  much  effect  on  ventilation,  223. 
Dowlais  Ironworks  Engines,  Paper  on  the  large  blowing  engine  and  new 
rolling  mill    at  Dowlais  Iron  Works,  1857,  112.  —  Connecting-rod    of 
oak,   116. — Weight  of  engines,  116.— Set  of   four  rolls  for  rolling  very 
long  bars,  117. — High  speed  of  rolls,  118. 
Puddling,    Mechanical,    Paper  on     mechanical    puddling,    1867,    151. — 
Mechanical   puddling  not  successful  yet,  161. — Speed  of  sevolution  of 
puddling  vessel,  161. — Loss  of  iron,  162. — Failure  of  linings,  162.— Iron 
rendered  useless  when  lining  much  destroyed,  165. — Great  uniformity  in 
results  of    mechanical    puddling,    168.  —  Lining  of    coke   and  tar  not 
successful,  168. 
Meeedith,  a.,  elected  Member,  1866,  103. 
Mebeyweathee,  R.  M.,  elected  Member,  1867,  234. 

Metal  Genamentatiox,  by  rolling  sheets  of  metal  with  lace,  &c.,  between,  by 
R.  W.  Winfield  and  R.  F.  Sturges,  1853,  73.— By  Tilghman's  sand-blast 
process,  1873,  269,  275. 
Metal    Stampikg,   new  process  of,  by  Messrs.   Salt  and  Lloyd,  1853,  73. 

See  also  Hammer,  Compressed-Air,  1865,  94. 
Metallic  Rods,  Paper  on  a  new  manufacture  of  compound  metallic  rods  and 
bare,  by  E.  J.  Payne,  1855,  18. — Mode  of  building  up  billets  for  making 
rods,  18. — Increased  strength  of  rods,  19. — Cost,  20. — Piles  for  rails,  20. 
— Copper  tubes,  21. 

Discussion.— Ciiti,  J.  E.,  23.— Everitt,  G.  A.,  24.— Fau-bairn,  W.,  21, 
22,  24.— Fenton,  J.,  23.— Fothergill,  B.,  22,  23.— Mathews,  W.,  22,  24.— 
Maudslay,  H.,  23.— May,  W.,  22.— Payne,  E.  J.,  22,  23,  24. 
Meteb,  Gas.    See  Gas  Meter,  1860,  15. 
Meter,  Water.     See  Water  Meter,  1851,  Jan.,  19.-1856,  113,  151,  242.— 

1857,  72. 
Metford,  W.  E.,  elected  Member,  1857,  55. 

Metric  System  of  Weights  and  Measures.     See  Decimal  Measure,  1865,  21. 
MiCHELL,  F.  W.,  Engines,  Portable,  for  Mining,  evaporative  duty  of  Cornish 
boilers,  1873,  181. — Inferior  quality  of  coal  in  Cornwall,  182. — Non- 
condensing  engine  not  best  for  winding,  182. — Friction   of    Cornish 
engines,  182. 
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Middlesbrough  Summer  Meeting,  1871,  117. 

MiDDLETON,  H.  C,  elected  Graduate,  1861,  211, 

MiDDLETON,  W.,  Original  Member,  1847. — Decease,  1869,  2. — Memoir,  16. 

MlDLA^fD  COLLIEEY  WORKING.     See  Colliery  Working,  Midland,  1870,  146. 

MiERS,  F.  C,  elected  Member,  1862,  93. 

MiEES,  J.  W.,  elected  Member,  1864,  271. 

Miller,  G.  M.,  elected  Member,  1853,  45. — Decease,  1865,  2. — Memoir,  16. 
Packing  for  Pistons,  Paper  on  a  packing  for  pistons  of  steam  engines  and 
pumps,  1862,  315. — Mode  of  making  steel  packing  rings,  .320. — Durability 
of  cylinders  much  increased,  321. — No  pressure  on  cylinder  when  running 
without  steam,  325. — Badly  worn  cylinder  restored  to  shape  by  adoption 
of  steam-packed  rings,  326. — Rolled  brass  too  soft  for  rings,  327. 
Valve  Motion,  Paper  on  a  new  expansive  valve-motion  for  steam  engines, 
1855,  146. — Movement  not  same  as  in  link  motion,  152. — Small  cost  of 
maintenance,  153. 

Miller,  J.,  Original  Member,  1847.— Vice-President,  1847.— 1848,— 1849, 
Jan.,  9. — Decease,  1861,  2. 
Eotary  Engine,  advantage  in  rotary  engine  from  small  space  occupied,  but 
great  difficulty  in  keeping  steam-tight,  1848,  July,  5, 

Miller  Boiler.    See  Boiler,  Cast-iron,  1871,  263. 

Miller  Pressure  Gauge.    See  Pressure  Gauges,  1871,  281. 

Mills,  G.,  elected  Member,  1847. 

MiLLWARD,  J.,  elected  Member,  1862,  93. 

MiLNER,  J.,  Original  Member,  1847. 

Minerals,  Cornwall  and  West  Devon,  description  of,  1873,  107. 

Mine  Ventilation.    See  Ventilating,  and  Ventilation. 

Mining,  Cleveland,  Paper  on  the  general  geological  features  of  the  Cleveland 
iron  district,  by  J.  Jones,  1871,  184. — Position  and  geological  features  of 
district,  185, — Salt  beds  in  Keuper  marls,  185. — Main  ironstone  seam  in 
middle  lias,  187. — Analysis  of  ironstone,  188. — Jet  and  alum  shales,  189. 
— Great  whin  dyke,  190. — Mode  of  working  h-onstone  seams,  192. — 
Ventilation  of  workings,  193, — Durham  coalfield,  194, — Statistics  of  iron 
trade  of  district,  195. 

Discussion. — Jones,  J.,  196,  198. — Marley,  J.,  196. — Ramsbottom,  J., 
199.— Siemens,  C.  W.,  197.— Steavenson,  A.  L.,  196.— Whitley,  J.,  198.— 
Wilson,  J.  F.,  196. 

Mining,  Cornwall,  Paper  on  the  mining  district  of  Cornwall  and  West 
Devon,  by  J.  H.  Collins,  1873,  89.— Geological  structure,  89. — Mineral 
lodes,  91. — Tin  and  copper  lodes  mostly  near  junction  of  granite  and 
killas,  91. — Veins,  &c,,  are  true  fissures,  92, — Mean  directions  of  lodes,  92. 
— Veins  of  different  ages,  93. — Elvans,  94. — Tin  and  copper  mines,  95. — 
Shafts,  95. — Adits,  96. — Pumping,  97. — Falling-off  in  duty  of  Cornish 
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pumping  engines,  97. — Levels  and  winzes,  98. — Lodes  vary  in  richness,  98. 
— Pay  of  miners,  99. — Blasting,  100. — Dynamite  valued  for  wet  holes, 
100. — Conveyance  of  stuff,  winding,  &c.,  100. — Ventilation,  101. — Man- 
engine,  101. — Quantities  and  values  of  ores,  102. — Lead  and  iron  ores, 
103.— China-clay,  104,— Other  minerals,  106. 

Discussion. — Bennetts,  Capt.  J.,  113. —  Bramwell,  F.  J.,  118. — 
Cochrane,  C,  117.— Collins,  J.  H.,  107,  113,  114,  115,  118.— James,  S.  H., 
113.— Head,  J.,  117.— Husband,  W,,  114,  115.— Taylor,  E.,  109,  116,  117. 

Mining,  Cornwall.  See  also  Ore-Dressing  Machinery,  1873,  119. — 
Eestronguet  Tin  Stream  Works,  1873,  155. 

Mining  Engines,  Portable,  Paper  on  the  application  of  portable  engines  for 
mining  purposes,  by  J.  Richardson,  1873,  167. — Comparison  of  portable 
engines  with  old  beam  engines,  167. — Self-propelling  portable  engine  for 
sinking  trial  pits,  169. — Semi-portable  engine  for  permanent  winding  and 
pumping,  170. — Semi-portable  engine  with  two  drums  for  tail-rope  hauling 
at  bottom  of  shaft,  171. — Pair  of  semi-portable  engines  coupled  for  heavy 
work,  171. — Saving  in  fuel,  attendance,  first  cost,  &c.,  of  portable  engines, 
172.— Semi-portable  engines  now  in  use,  173. — Durability  of  steel-wire 
ropes  on  small  drums,  174. 

Discussion.— Amos,  C.  E.,  184.— Bramwell,  F.  J.,  175,  188,  189,  193, 
199.— Easton,  E,,  186.— Froude,  W.,  176,  199.— Halpin,  D.,  183.— Head,  J., 
176,  180,  188,  189.— Hughes,  G.  D.,  182.— Husband,  W.,  176, 177, 178, 188, 
189,  198.— Lawrence,  H.,  187.— Lean,  T.,  177,  183,  189,  190,  198.— 
Michell,  F.  W.,  181.— Richardson,  J.,  175,  176, 177,  178, 191.— Taylor,  R., 
184,  187,  189. 

Mining  Machineey,  Paper  on  the  progressive  application  of  machinery  to 
mining  pui-poses,  by  T,  J.  Taylor,  1859,  15. — Old  workings  near  surface, 
15. — Early  period  of  coal  mining,  16. — Water  raised  often  greatly  in 
excess  of  coal  raised,  17. — Middle  period  of  coal  mining,  17. — Chain 
pumps,  18.  —  Horse  gin,  20.  —  Early  German  mining  much  ahead  of 
English,  20. — Pumps  worked  by  crank  and  flywheel,  21. — "  Stook  and 
feathers"  for  wedging  down  hard  rock,  21. — Rag  pump,  22. — Introduction 
of  railways,  22. — Third  period  of  coal  mining,  23. — Early  applications  of 
steam  engine,  24. — Pumping  at  Hartley  Colliery,  amount  of  water,  and 
cost,  25. — Direct-acting  pumping  engines,  25. — ^Water-balance  for  raising 
coals,  26. — Double  water-wheel,  27. — Double-cylinder  winding  engine, 
28. — Cost  of  raising  from  different  depths,  29. — Railways  underground 
not  used  till  sixty  years  ago,  30.— Underground  haulage,  30.— Ventilation, 
underground  furnace,  31.— Mechanical  ventilators,  32.— Steel  mill  for 
lighting,  33. 
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I>iscussion.  —  Bram-well,  F,  J.,  36.  —  Cowper,  E.  A.,  39. — Longridge, 

H.  G.,  35,  40.— Maudslay,  H.,  36.— May,  C,  38.— McConnell,  J.  E.,  34, 

40.— Penn,  J.,  34,  40.— Siemens,  C.  W.,  37,  38,  40.— Taylor,  T,  J.,  34,  35, 

37,  38,  39,  41. 
MiTCHEL,  W.  H.,  Type-Setting  Machines,  Paper  on  a  type-composing  and 

distributing  machine,  1863,  34. — Number  of  machines  at  work,  56. — 

Cost,  56. 
Mitchell,  C,  elected  Member,  1856,  79. 
Mitchell,  James,  elected  Member,  1858,  80. 
Mitchell,  John,  elected  Graduate,  1867,  60. 
Mitchell,  Joseph,  elected  Member,  1861,  109. 
Moberly,  C.  H.,  elected  Member,  1870,  19. 
Mole,  T.,  elected  Member,  1848. 
Mollee,  p.  T.,  elected  Member,  1873,  88. 
Moon,  R.,  Jun.,  elected  Member,  1872,  75. 
MOOE,  W.,  elected  Member,  1859,  14. 

Coal-Cutting  Machinery,   successful  working    of  pick  machine  at  Hetton 

Colliery,  1868,  157. 
MoOE,  W.,  Jun.,  elected  Graduate,  1868,  212. 
Mooee,  R.,  Coalfield,  Glasgow,  difference  between  action  of  coal-cutting  machine 

and  hand  pick,  1864,  245. — Mode  of  building  air-tight  pack  walls,  247. 
Mooee,  S.,  elected  Member,  1864,  59. 
MoOEE,  W.,  Coalfield,  Glasgow,  Paper  on  the  principal  seams  of  coal  and 

ironstone  in  the  Glasgow  coalfield,  1864,  229. — Comparative  durability 

of  hemp  and  iron  wire  ropes,  247. 
MooESOM,  W.  M.,  elected  Member,  1872,  75. 

Counter-pressure  Steam  Break,  trials  on  London  and  Northwestern  Railway, 

1870,  50. — Injectors  failed  to  work  unless  excess  of  water  jet  in  exhaust 

pipe,  51. 
Ventilating  Fan,  influence  of  direction  of  gauge  orifice  in  measuring  air- 
currents,  1871,  31. — Similar  experiment  on  fan-blast,  33. 
MOEGAN,  J.  L.,  elected  Member,  1864,  271. 
MoBGANS,  T.,  elected  Member,  1867,  18. 
MOEIN,  A.,  Gen.,  elected  Honorary  Life  Member,  1868,  5. 

Ventilation  of   Buildings,   Paper  on  the  ventilation  of  public  buildings, 

1867,  61. — No  necessity  for  moistening  the  heated  air,  75. — Objectionable 

to  introduce  air  at  floor,  76. — Means  of  cooling  air  in  warm  climates,  77. 
MOBISON,  D.  P.,  Ventilation  of  Mines,  loss  of  effect  from  spiral  casing  to  fan, 

1869,  152. 
MOEEIS,  W.,  elected  Member,  1868,  212. 
MOBEISON,  H.  M.,  elected  Member,  1873,  45. 
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MoRKisoN,  R.,  elected  Member,  1849,  Oct.,  32, 

Pile  Driver,  Pcvper  on  an  improved  steam  pile-driver,  1856,  287. 

Pumping  Engine,  Paper  on  the  pumping  engine  at  the  Newcastle  Water 

Works,  1859,  55. 
Steam  Crane,  Payer  on  a  direct-acting  steam  crane,  1859,  168.  —  Small 
condensation  of  steam,  175. — Hydraulic  cranes  wasteful  when  raising 
light  loads,  176. — Size  of  turning-round  piston,  178. 
Steam   Hammer,   Paper  on  an  improved  steam   hammer,   1855,   8. — Very 
successful  working  of  hammer,  13. — Attachment  of  hammer  head,  14. 
MoETON,  A.,  Ejector  Condenser,  Paper  on  the  ejector  condenser  for  steam 
engines,  dispensing  with  an  air-pump,  1872,  256.  —  Preferable  to  have 
condensing  water  supplied  with  head,  263. — Fluctuation  in  vacuum  when 
exhaust  discharged  much  above  atmospheric  pressure,   264.  —  Ejector 
condenser  not  applicable  to  marine  engines,  264.  —  Fall  of  vacuum  on 
diminution  of  supply  of  condensing  water,  269, — Experiments  on  mode 
of  action  of  condenser,  270. 
MOETON,  E.,  elected  Member,  1865,  53. 
Moss,  H.  E.,  elected  Honorary  Member,  1856,  80. 
MosSE,  J.  R.,  elected  Member,  1865,  20. 

MOULDIKG  and  Casting,  Pajyer  on  an  improved  system  of  moulding  and  casting, 
by  E.  Jobson,  1858,  14. — Moulding  machine,  14. — Rapidity  of  moulding 
railway  chairs,  16. — Casting  apparatus,  16. — Comparison  of  weights  lifted 
in  hand  moulding  and  with  machine,  17. — Advantages  in  labour,  rapidity, 
space  occupied,  &c.,  18. 

Discussion.— BemiGti,  P.  D.,  21.— Clift,  J.  E.,  20.— Cochrane,  A.  B,,  20, 
21.— Fenton,  J.,  19.— Fothergill,  B.,  21.— Jobson,  R.,  19,  20,  21, 
Moulding  Machine,  Papier  on  a  new  moulding  machine  for  cog  and  other 
wheels,  by  P.  E.  Jackson,  1855,  41. — Defects  of  ordinary  mode  of  casting 
wheels,  42. — Description  of  moulding  machine,  43. — Cutting  of  pattern, 
44, — Process  of  moulding,  45. — Advantages,  47. — Rapidity  of  woi-k,  48. 

Discussion— ¥&\Yh?avn,  W.,  49,  50,  51,  52,  53,  64,  56.— Fernie,  J.,  51, 
52.— Hawkes,  W.,  52,  53,  54,  55,  56.— Hodgkin,  J.  E.,  50.— Jackson,  P.  E., 
49,  50,  51,  52,  53,  54,  55,  56.— Eamsbottom,  J.,  51,  55,  56. 
Moulding  Machine,  Paper  on  the  moulding  of  toothed  wheels,  and  an 
improved  wheel-moulding  machine,  by  G.  L.  Scott,  1868,  238. — Objections 
to  wood  patterns,  239. — Description  of  machine,  240. — Process  of  moulding, 
241. — Advantages  of  machine  moulding,  244. — Rate  of  mouldiug  large 
wheels,  245. 

Discussioyi. — Bramwell,  F.  J.,  246,  250.— Cowper,  E.  A.,  246,  250. — 
Grierson,  H.  H.,  247,  249.— Lloyd,  W.,  249.— Scott,  G.  L.,  246,  247,  248, 
249,  250.— Smith,  W,  F,,  247 —Woods,  H.,  247,  248. 
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Moulds,  Casting,  Paper  on  an  improved  construction  of  moulds  for  casting 
metals,  by  K.  Jobson,  1854,  62. — Ordinary  plan  of  moulding,  63. — 
Description  of  improved  system  of  moulding,  63. — Pattern  used  as  face 
of  ramming  block,  66. — Metal  face  for  ramming  block,  67. — Steady-pin 
guides,  68. 

i)w(??«sio«..— Brown,  R.,  69.~Hodgkin,  J.  E.,  70.— Jobson,  E.,  68,  69, 
70.— Slate,  A,,  69,  70. 

Mountain,  C.  G-.,  elected  Member,  1858,  45. 

Stone- Crushing  Machinery,  Paper  on  machinery  for  crushing  stone  for 
macadamising  roads,  1860,  234. — Cost  of  machines,  245. — Cost  of  chilling 
the  rolls,  245. — Cost  of  re-casting  rolls  per  ton  of  stone  crushed,  245. — 
Comparative  cost  of  hand  and  machine  crushing,  245. 

Mowbray,  F.  W.,  elected  Member,  1857,  55. 

Mudie,  D.  C,  elected  Member,  1848,  July,  20. 

MuiR,  Alfred,  elected  Member,  1873,  25. 

MuiB,  Andrew,  elected  Member,  1866,  103. 

MuiR,  E.,  elected  Member,  1873,  45. 

MuiE,  W.,  elected  Member,  1863,  113. 

MuLLiNER,  C,  elected  Member,  1872,  254. 

MuNTZ,  A.,  Boiler  Tubes,  best  composition  depends  on  quality  of  coal  and 
water  used,  1867,  56. — Ship's  bottom  fouls  if  sheathing  does  not  oxidise 
sufficiently,  57. 

MuNTZ,  G.  F.,  elected  Member,  1857,  232. 

MuNTZ,  G.  H.  M.,  elected  Member,  1856,  7. 

MURDOCK,  "W.,  Inventions  and  Life  of,  Paper  on  the  inventions  and  the  life  of 
William  Murdock,  by  W.  Buckle,  1850,  Oct.,  16.— Early  life,  16.— 
Eesidence  at  Soho  foundry,  17. — -Patent  for  improvements  in  steam 
engine,  17. — Description  of  original  locomotive,  18. — Trial  of  locomotive, 
19. — Use  of  coal  gas  for  lighting,  20. — Gas  retorts,  20. — Boring  pipes  and 
columns  out  of  stone,  21. — Compressed-air  engines,  22. — Pneumatic  bells 
for  houses,  23. — Cast-iron  cement,  23. — Steam  gun,  23. — Water-heating 
apparatus,  24. — Death,  25. 

Dtsc?«sio?i.— Buckle,  "W.,  25.— McConnell,  J.  E.,  26.— Middleton,  W,, 
25.— Slate,  A.,  26. 

Murdock,  W.  M.,  elected  Member,  1865,  54. 

Murphy,  J.,  elected  Member,  1859,  53. 

Coal  Mining,  cost  of  timbering  in  South  Wales,  1862,  85. 

Tool  Holder,  great  waste  of  steel  in  ordinary  tools,  1866,  298. — Importance 

of  grinding  tools  to  correct  angle,  299. 
Water  Works,  Dublin,  importance  of  abundant  supply  of  water  to  large 
towns,   1865,   212. — Constant  supply  better  than   intermittent,   213. — 
In-egularity  of  rating,  214. 

R 
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Murray,  D.,  elected  Member,  1864,  60. 
Murray,  T.  H.,  elected  Member,  1858,  80. 
MusGEAVE,  J.,  Jun.,  elected  Member,  1863,  246. 

Napier,  J.,  elected  Member,   1848,  July,  20.  — Council,   1872,   25.  — Yice- 

President,  1873,  24. 
Napier,  J.  D.,  elected  Member,  1867,  18. 
Napier,  J.  M.,  elected  Member,  1870,  19, 

Napier,  K.,  elected  Member,  1856,  250.— President,  1863,  14.— 1864,  18.— 
1865,  19. 
Decimal  Measure,  Inch  and  Metre,  great  expense  of  changing  standard, 

1865,  51. 
Donation  of  £50,  1863,  57. 

Peat  Fuel,  iron  manufactured  with  peat  very  superior  for  axles,  1865,  158. 
Steam  Dredgers,  rise  of  tide  at  Glasgow,  1864,  161. 

Water  Works,  Dublin,  gravitation  system  better  than  pumping,  1865,  208. — 
Waste  of  water  chiefly  with  house  supply,  212. 
Napier,  E.  T.,  elected  Graduate,  1872,  254. 
Nasmyth,  J.,  Axles,  iron  bar  weaker  per  square  inch  when  outside  removed, 

1853,  98. 
Nasmyth's  Girders.    See  Girders. 

Nasmyth's  Ventilating  Fan.    See  Ventilating  Fan,  1856,  251. 
Natorp,  G.,  elected  Member,  1861,  211. 
Naylor,  J.  W.,  elected  Member,  1861,  211. 
Naylor,  W.,  elected  Member,  1858,  12. 

Boilers,  Corrosion  of,  working  pressure  should  be  reduced,  1866,  69. — Strain 

on  lap  joints,  70. — No  grooving  at  butt  joints,  70. — Punched  holes  weaker 

than  drilled,  71. — Corrosion  above  water  line,  71. — Tensile  strength  of 

plates  greater  when  hot,  76. 

Pile  Driver,  importance  of  sufficiently  heavy  ram,  1867,  265. — Destruction 

of  piles  with  too  light  ram,  266. 
Pumping  Engines,  heavy  shock  on  closing  of  valves,  1867,  249. 
Riveter,  Portable  Steam,  difficulties  in  working  with  a  former  riveter,  1865, 

140. 
Safety  Valve,  Paper  on  Haste's  improved  safety  valve  for  steam  boilers, 

1859,  186. 
Safety  Valve,  Paper  on  an  improved  safety  valve  for  steam-engine  boilers, 
1865,  220. — Much  smaller  valve  can  be  used  than  with  ordinary  valves, 
228.— Trial  of  valve,  228.— Cost,  23 1  .—Advantage  of  knife-edged  bearing, 
232. 
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Nayloe,  "W.  (continued). 

Steam  Hammer,  prolonged  piston-rod  to  diminish  jar,  1857,  2'10. — Speed  of 

working,  241. — Facility  for  changing  force  of  blows,  241. 
Steering  Engine,  Steam,  experiment  on  steering  with  a  small  auxiliary  screw, 
1867,  282. 
Neave,  W.  a.,  elected  Associate,  1867,  60. 

Neilson,  J.  B.,  Hot-Blast  Ovens,  early  experiments  suggesting  use  of  hot 
blast  for  blast  furnaces,  1859,  98. — Great  unwillingness  of  ironmasters 
to  allow  trials  of  hot  blast,  99. — Advantage  of  hot  blast  in  diminished 
fluctuation  of  temperature,  and  point  of  fusion  brought  down  nearer  to 
tuyeres,  106. — Hot-blast  iron  quite  equal  to  cold-blast  when  fairly 
compared,  106. — Improved  oval  oven  with  core  appears  the  best  yet  made, 
108. 
Regenerative  Hot-Blast  Stoves,  advantage  in  use  of  hot  blast,  1860,  65. — 
High  temperature  of  blast  very  desirable,  66. 
Neilson,  W.  M.,  elected  Member,  1863,  246.— Council,  1865,  19.— 1868,  19. 

Boiler,  Paper  on  an  improved  locomotive  boiler,  1856,  236. 
Nelson,  J.,  elected  Member,  1869,  77. 
Nettlefold,  J.  H.,  elected  Member,  1860,  53, 
Neville,  P.,  Water  Works,  Dublin,  Paper  on  the  new  Dublin  Corporation 

Water  Works  for  the  supply  of  water  from  the  river  Vartry,  1865,  201. 
Newall,  J.,  elected  Member,  1856,  79. 

Eailway  Break,  cost  of  Newall's  break,  1853,  164. 
Newall's  Railway  Break.     See  Break,  Railway,  1853,  158. 
Newcastle  Colliery  Working.    See  Colliery,  Newcastle,  1858,  177. 
Newcastle  Summer  Meetings,  1858,  125.— 1869,  119. 
Newcastle  Water  Works  Engine.    See  Pumping  Engine,  1859,  55. 
Newdigate,  A.  L.,  elected  Member,  1866,  18. 
Newell  Lock.    See  Locks,  1851,  June,  16. 
Newton,  W.  E.,  elected  Member,  1862,  314, 

Cartridge  Machinery,  disadvantages  of    rim-fire  cartridge,  1868,   127. — 

Boxer  cartridge-case  not  water-tight,  127. 

Corn  Mill,  Buchholz,  loss  of  nutritive  properties  by  removal  of   cerealine, 

1872,  235. — Close  bread  containing  cerealine  more  digestible  than  fine 

white  bread,  239. 

Flow  of  Solids,  pi'oposal  to  convert  iron  into  steel  by  concussion,  1867,  147. 

Peat  Fuel,  for  iron-smelting  must  be  converted  into  charcoal,  1865,  155. — 

Preparation  of  peat  for  iron-smelting,  156. 
Plate  Glass  Manufacture,  dry  method  of  sorting  substances  according  to  size 

of  particles,  1863,  222. 
Puddling,  Mechanical,  stirring  by  forcing  gas  through  molten  metal,  1867, 
167. 
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Newton,  W.  E.  (continued). 

Kailway  Chair,  Bracket,  bursting  of   cliairs  by  expansion  of  wooden  keys 

obviated  by  bracket  chair,  1873,  255. 
Sand-Blast    Process,  Paper    on    Tilghman's    sand-blast    process    and    its 
application  for  cutting  stone,  &c.,  1873,  260. — Other  applications  of  sand- 
blast, 270. — Wood  carving,  271. — Minerals  harder  than  quartz  can  be  cut, 
271. — Soft  steel  probably  cuts  easier  than  hard,  271. — Interference  of 
particles  of  sand  with  one  another  in  boring  holes  in  granite,  271. — Kate 
of    cutting  in  granite,  272. — Sheet-iron  templates  for  carving  marble, 
durability  of,  274. — Application  to  preparing  lithographic  stones,  metallic 
plates,  &c.,  276. — Much  cheajier  for  etching  glass  than  hydrofluoric  acid, 
276. — Duration  and  cost  of  nozzle  tubes,  277. — Steam  must  be  dry,  277. 
Steam  Dredgers,  description  of  American  dredgers,  1864,  159. 
Water  Works,  Glasgow,  importance  of  use  of  meters,  1864,  138. 
Ventilation,  Mechanical,  fresh  air  should  be  brousht  down  from  above,  1863, 
204. 

Nkwton's  Eailway  Break.     See  Break,  Eailway,  1853,  162. 

NiCHOL,  P.  D.,  elected  Member,  1858,  266.— Decease,  1872,  2.— Memoir,  20. 

Nichols,  W.,  elected  Honorary  Member,  1863,  247. 

NlxoN,  C,  elected  Member,  1851,  July,  45. 

Noble,  A.,  Capt.,  Instrument  for  determining  velocity  of  projectiles  in  different 
parts  of  bore  of  gun,  1869,  201. 

Norfolk,  E.,  elected  Member,  1866,  55. 

NORRIS,  E.  S.,  elected  Member,  1850,  Jan.,  5. 

Eailway  Chair,  Paper  on  an  improved  railway  joint  chaii-,  1853,  101. — Cost 
and  time  of  casting  chairs,  105. — Shifting  of  rails  when  expansion  not 
allowed  for,  107. 

NORRIS,  W.  G.,  elected  Member,  1868,  43. 

North,  F.  W.,  elected  Member,  1869,  120. 

Nottingham  Summer  Meeting,  1870,  125. 

Nut-Shaping  Machine.    See  Shaping  Machine,  1869,  312. 

Nye,  H.,  elected  Member,  1870,  125. 

o. 

Oastler,  W.,  elected  Member,  1860,  89. 

Gates,  J.  P.,  Brick-Making  Machine,  cost  of  machine,  1859,  263.— Durability 
of  pugging  screw,  263. 

Observatory,  Paper  on  a  wrought-iron  observatory,  for  maintaining  equality 
of  internal  and  external  temperature,  by  C.  C.  Walker,  1873,  279. — 
Necessity  of  equality  of  temperature,  279.  —  Walls  must  be  good 
conductors,  and  not  store  much  heat,  279. — AVrought-iron  observatory 
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Obsebvatory  (continued). 

quite  successful,  280. — Description  of  building,  281. — Illustrations  of 
equality  of  internal  and  external  temperature,  283. — Rapidity  of  change 
of  temperature  inside  building,  284. 

I)iscussio7i.— Amos,  C.  E.,  287.— Bird,  F.,  285,  287.— Paget,  A.,  288.— 
Siemens,  C.  W.,  285,  287,  288.— Walker,  C. C,  286,  287,  288. 

O'Connor,  C,  elected  Member,  1868,  103. 

Oil  Mill  Machinery,  Paper  on  oil  mill  machinery,  by  A.  Samuelson,  1858,  27. 
— Early  forms  of  oil  press,  27. — Crushing  rolls,  28. — Edge  stones  for 
grinding,  29. — Heating  kettle,  30. — Screw  press,  31. — Stamper  press,  31. — 
Hydraulic  press,  32. — Blundell's  hydi-aulic  press,  32. — Oil  instead  of 
water  for  working  presses,  33.  —  Screw  press  not  successful,  34. — 
Comparative  merits  of  stamper  and  hydraulic  presses,  36. — Extent  of 
manufacture,  37. 

Discnssion. — Bennett,  P.  D.,  40. — Cowi:)er,  E.  A.,  41. — Fothergill,  B., 
39.— Lloyd,  Sampson,  40.— McConnell,  J.  E.,  39.— Samuelson,  A.,  38,  39, 
40,  41,  42.— Whitworth,  J.,  39,  41,  42.— Williams,  E.,  40. 

Oliver,  W.,  elected  Member,  1866,  264. 

Olbick,  L.,  elected  Member,  1867,  60. 

Boilers,  defective  circulation  in  several  boilers,  1871,  247. — Field  boiler  very 

compact  and  successful,  247. 
Boiler  Explosions,  efficient  working  of  boiler  with  cluster  of  small  vertical 
tubes  over  fire,  1866,   176. — Safety-valve    to  blow  off   readily,   178.— 
Purifying  water  from  carbonate  of  lime  before  supplying  to  boiler,  1870, 
211. 
Condenser,  Ejector,  Rankine"s  experiments,  1872,  266. 
Governor,  Siemens'  differential  governor  best  for  land  engines,  1871,  224. — 
Silver's  four-ball  governor  best  for  marine  engines,  225. — Crossed-arm 
governor  very  successful,  226.  —  Allen  governor,   cylindrical  throttle- 
valve  great  improvement  on  ordinary  disc-valve,  1873,  59. — Governor 
spindle  lubricated  by  leakage  of  oil  from  cylinder,  60. — Illustration  of 
sensitiveness  of  Siemens  governor,  60. 
Riveted  Joints,  formulae  scarcely  applicable,  1872,  84. — Designing  of  joints 
for  steel  high-pressure  boiler,  85. — Caulking  often  injurious  if  pitch  of 
rivets  too  gi-eat,  86. — Diagonal-jointed  boiler  good,  but  expensive  to  make, 
87. — Zigzag  riveting  preferable  to  chain-riveting,  88. — Difficulty  in  setting 
out  holes  for  zigzag  riveting.  88. — Friction  of  rivet  heads  partly  holds 
plates  together,  95. 

Ommanney,  F.  F.,  elected  Member,  1864,  271. 

Coal-Cutting  Machine,  mode  of  fixing  cutters,  1872,  220. 

Onion,  — ,  Rotary  Engine,  trial  of  rotary  engine,  1848,  July,  4. — Difficulty 
overcome  of  packing  rotary  engine  steam-tight.  4. 
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Open  Coking.    See  Coking,  I860,- 188. 

Ore  Dressing,  Berdan's  crushing  and  amalgamating  machine.  See  Crusher, 
1854,  33. 

Ore-Dressing  Machinery,  Paper  on  the  mechanical  appliances  used  for 
dressing  tin  and  copper  ores  in  Cornwall,  by  H,  T.  Ferguson,  1873,  119. 
— Copper  lodes  change  to  tin  at  greater  depth,  119. — Stuff  raised  is  tipped 
into  slides,  119. — Blake's  crusher  superseding  hand  "ragging"  in  some 
mines,  119. — Tin  dressing,  120. — Specific  gravities  of  impurities,  120. — 
Stamping,  120. — Husband's  pneumatic  stamps,  122. — Buddling,  124. — 
Martin's  self-acting  huddle,  124. — E.  Borlase's  concave  huddle,  125. — 
Propeller-knife  huddle,  126. — Tossing  and  packing,  126. — T.  Borlase's 
ore-dressing  machine,  127. — Calcining,  128. — Oxland  and  Hocking's 
calciner,  128. — Results  of  dressing,  129. — Treatment  of  slimes,  130. — 
Dingey's  pulveriser,  131. — Copper-ore  dressing,  132. — Crushing,  133. — 
Jigging,  134. — Collom's  jigger,  135. — Sampling,  136. 

Z)isc?«siori.— Bolitho,  T.  S.,  146,  149.— Bramwell,  F.  J.,  142,  143,  143, 
150.— Cochrane,  C,  143.— Ferguson,  H.  T.,  137.— Husband,  W.,  143,  145, 
146,  149.— Lawi-ence,  H.,  145.— Maynard,  Capt.  J,,  142,  143.— Taylor,  E,, 
137,  146. 

OsBORN,  S.,  elected  Member,  1870,  61. 

OsLER,  A,  F.,  Anemometer,  description  of,  1852,  91. 

OSMAN,  J.,  elected  Member,  1870,  228. 

OUGHTERSON,  G.  B.,  elected  Member,  1867,  234. 

OusE  River  Bridge,  Hydraulic  Swing.  See  Bridge,  Hydraulic  Swing,  1869, 121. 

OVEREND,  W.,  elected  Honorary  Member,  1848,  Apl.,  24. 

Owen,  W.,  Original  Member,  1847. 


Packing  for  Pistons.    See  Piston  Packing. 

Packing  for  Pistons  of  heated-air  engine,  1873,  70. — Of  pneumatic  stamps, 

145. 
Packing  for  Slide-Valves.     See  "Valve  Packing,  1856,  61. 
Packing  Leathers  for  Hydraulic  Machinery,  1872,  191. 
Paddon,  J.,  Coke  Ovens,  importance  of  coking  Staffordshire  slack,  1861,  92. — 

New  ovens  thoroughly  successful,  92. — Increase  of  yield  from  ovens,  93. 

— Superiority  of  coke,  93. 
Paget,  A.,  elected  Member,  1868,  103. 

Knitting  Machine,  Paper  on  self-acting  machinery  for  knitting  hosiery  by 

power,  1870,  127. — Sinkers  formerly  liable  to  break,  140. — Manufacture 

of  sinkers  and  needles,   141. — Manufacture  of  pitch-chain,  143, — Cast- 
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iron  cams,  durability  of,   143.— Cost  of   machine,    144.— Intermediate 

improvements  in  knitting  machines,  144. 
Rules  of  Institution,  alteration,  1873,  251. 
Paget,  F.  A.,  Steam  Road  Roller,  saving  in  cost  of  metalling  due  to  horse  and 

steam  rolling,  1870,  119. — Heavy  expense  for  maintenance  of  roads  in 

London,  120. 
Palmer,  A.  S.,  elected  Member,  1869,  120. 
Palmee,  J.  B.,  elected  Member,  1847. 
Papers  read  during  the  previous  year,  1849,  Jan.,  4.— 1850,  Jan.,  40.— 1851, 

Jan.,  5.— 1852,  4.— 1853,  5.— 1854,  3.— 1855,  3.— 1856,  3.— 1857,  3.— 1858, 

4.— 1859,  4.— 1860,  4.-1861,4.-1862,  4.— 1SG3,  4.-1864,4.-1865,4.- 

1866,   4.— 1867,   4.— 1868,   4.— 1869,  4.— 1870,   4.— 1871,   4.— 1872,    4.— 

1873,  5. 
Papeks,  Subjects  for,  1850,  Jan.,  41.— 1851,  Jan.,  36.— 1852,  35.— 1853,  40.— 

1854,  45.— 1855,  35.— 1856,  43.-1857,  5.-1858,  5.-1859,  5.-1860,  5.— 

1861,  5.-1862,  7.— 1863,  5.— 1864,  5.— 1865,  5.— 1866,  6.-1867,  6.— 1868, 

6.— 1869,  7.-1870,  6.— 1871,  6.-1872,  6.-1873,  7. 
Paqtjin,  J.  F.,  elected  Member,  1859,  247. 

Paraffin  for  Ship  Models,  1873,  203.— Chemical  composition  of,  214. 
Paris  Summer  Meeting,  1867,  59. 
Parke,  F.,  elected  Member,  1871,  117, 
Parker,  F.  (Leeds),  elected  Member,  1868,  103. 
Parker,  F.  (Louth),  Original  Member,  1847. 
Parker,  H.,  elected  Member,  1868,  43. 
Parker,  T.  (Derby),  elected  Member,  1869,  20. 
Parker,  T.  (Gorton),  elected  Member,  1872,  26. 
Parkes,  a.,  elected  Member,  1865,  54. 
Parkes,  p.,  elected  Member,  1871,  65. 
Parkin,  J.,  elected  Member,  1860,  250. 
Parkinson,  J.,  elected  Member,  1858,  45. 

Parkinson,  "W.,  Water  Meter,  Paper  on  a  water  meter,  1851,  Jan,,  19. 
Parry,  D.,  elected  Honorary  Member,  1865,  219. 
Parsons.  C.  T.,  elected  Honorary  Member,  1864,  122. 
Parton,  T.,  elected  Member,  1866,  18. 
Patents,  communication  from  Patent  Office  on  creating  Commissioners  of 

Patents,  1868,  44. 
Memorial  to  the  Lord  Chancellor,  1864,  267. 
Paton,  W.,  elected  Member,  1«Q:7, 
Patterson,  J.,  elected  Associate,  1871,  65. 
Paxman,  J.  N.,  elected  Member,  1872,  75. 
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Payne,  E.  J.,  elected  Member,  1853,  8, 

Metallic  Eods,  Paper  on  a  new  manufacture  of  compound  metallic  rods  and 
bars,  1855,  18. — Sand  core  remains  central  in  rolling,  23. — Increased 
strength,  23. — Proportion  of  sand,  24. 
Signal,  Paper  on  a  new  railway  train  signal,  1854,  49, 
Peacock,  Ealph  (Goole),  elected  Member,  1869,  276. 
Peacock,  Ralph  (Manchester),  elected  Member,  1869,  276. 
Peacock,  Richard,  Original  Member,  1847.— Council,  1849,  Jan.,  9. — 1853,  8. 
Cambrian  Engine,  no  objection  to  levers  outside  in  working  of  locomotive 

with  third  shaft  between  wheels,  1848,  Oct.,  15. 
Locomotive  Workshops,  Paper  on  the  workshops  for  the  locomotive,  carriage, 
and  wagon  departments  of  the  Manchester,  Sheffield,  and  Lincolnshire 
railway,  1851,  Jan.,  22. 
Railway  Break,   cost  of  re-turning  and  renewing  tyres  of  wheels  with 

ordinary  breaks,  1852,  26. 
Station  Buffer,  shaft  might  be  twisted  or  broken,  1849,  Jan.,  13. — Ordinary 
elliptic-spring  buffer  very  simple  and  effectual,  and  recoil  prevented  by 
catches,  13. 
Steam  Hammer,  Paper  on  a  steam  hammer  for  light  forgings,  1860,  284. — 
Cost  of  hammer,  287. — Connexion  of  piston-rod  to  hammer  head,  290. — 
Catch  to  prevent  hammer  rising  too  high,  292. 
Steel  Tyres,  Banks'  tyres  answered  well  in  tenders  and  engines,  and  great 
saving  in  tenders,  1848,  Apl.,  22. 
Peaece,  R.,  elected  Member,  1873,  45. 
Peaece,  R.  W.,  elected  Member,  1867,  234. 
Pearson,  J.,  elected  Member,  1848. 
Peaeson,  J.  E.,  elected  Graduate,  1867,  60. 
Peaeson,  T.  H.,  elected  Graduate,  1870,  61. 
Pearson,  W.  H.,  elected  Member,  1869,  201. 

Pease,  J.  B.,  Iron  Manufacture,  Haematite,  cause  of  failure  of  high  hasmatite 
blast-furnace,  1871.  141.  —  High  furnaces  will  probably  succeed  in 
haematite  district,  142. 
Peat  Fuel,  Paper  on  the  manufacture  of  compressed  peat  fuel,  by  C.  Hodgson, 
1865,  147. — Difficulty  of  drying  peat,  147. — Arrangement  of  Derrylea 
works,  148. — Railway  and  harrow,  149. — Amount  of  water  in  peat,  150. — 
Drying  kilns,  151. — Peat  presses,  152. — Uses  of  peat  fuel,  153. 

Bhcnssxon.—Y^.xvA(i.  J.,  160.— Harman,  H.  W.,  160.— Hodgson,  C,  154, 
157,  159,  160,  161,  162,  163,  164.— Kennan,  J.,  160.— Napier,  R.,  154,  158, 
159,  162,  163,  164.— Newton,  W.  E.,  1^  160.— Ramsbottom,  J.,  162.— 
Smith,  L,  158.— Webb,  F.  W.,  162.- Whitley,  J.,  164. 
Peel,  G.,  Jun.,  elected  Member,  1866,  265. 
Peele,  a.  J.,  elected  Member,  1866, 18. 
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Peet,  H.,  elected  Member,  1859,  54. — Decease,  1866,  2.— Memoir,  14. 

Pendulous  Engine,  Paper  on  the  direct  conversion  of  rectilinear  into  circular 
motion  in  the  steam  engine,  by  J.  A.  Shipton,  1851,  Oct.,  4. — Principle  of 
steam  engine  not  altered  since  its  invention,  5. — Principle  of  pendulous 
engine,  6. — Description  of  engine,  6. — Advantages,  7. 

JDism&sion.—GWit,  J.  E,,  8,  9.— Elwell,  E.,  8.— Shipton,  J.  A.,  8,  9.— 
Siemens,  C.  W.,  8,  9.— Slate,  A.,  9. 

Penn,  J.,  elected  Member,  1848,  Apl.,  24.— Vice-President,  1850,  Jan.,  4.— 
1851,  Jan.,   8.— 1852,   8.— 1853,  7.— 1854,   5.— 1855,  5.— 1856,  5.— 
President,  1858,  12.— 1859,  13.— Vice-President,  1860,  13.— 1861,  13.— 
1862,  19.— President,  1867,  17.— 1868,  19. 
Boiler  Construction,  flanged  plates  better  than  angle  irons  for  riveting  to  end 
plates,  1859,  229. — Importance  of   large  water  spaces  at  sides  of  flue, 
229. 
Superheated  Steam,  Paper  on   the   application  of  superheated   steam   in 
marine  engines,  1859,  195. — Less  injection  water  needed  in  condenser 
when    steam     superheated,    201. — Joints    of     superheating    apparatus 
thoroughly  satisfactory,  201. — Temperature  of  stoke-hole  much  reduced 
by  superheating  apparatus,  206. 
Telegraph  Machinery,  special  safety-valve  to  prevent  undue,  pressure   of 

steam  in  engines,  1867,  44. 
"Wood  Bearings,  Paper  on  wood  bearings  for  screw  propeller  shafts,  1856,  24. 
Wood  Bearings,  Paper  on  wood  bearings  as  applied  to  the  shafts  of  screw 
steam  vessels,  1858,  81. — Failure  of  metal  bearings  for  screw  shafts,  85. 
— Wood  bearings  for  screw  shafts  and  for  end  thrust  have  never  failed,  86. 
— Not  advisable  for  engine  bearings,  86. — Rise  of  temperature  of  water  in 
tank  during  experiments,  87. — Not  recommended  for  rolling  mills  or 
heavy  machine -shafts,  89. 

Penn,  J.,  Jun.,  elected  Member,  1873,  250. 

Penn,  W.,  elected  Member,  1873,  250. 

PENZA2JCE  Summer  Meeting,  1873,  87. 

Peefoeating  Machine,  Paper  on  the  multifarious  perforating  machine,  by 
B.  Fothergill,  1848,  Jan.,  3. — Description  of  machine,  3.— Jacquard 
plates  and  selecting  bars  for  punches,  4. — Traversing  frame  for  plate,  7. 
— Manner  of  working,  9. — Machine  for  perforating  thin  metal  sheets  in 
patterns,  10.  —  Combined  punching  and  shearing  machine,  14.  — 
Employment  of  perforating  machine  for  Conway  tubular  bridge,  15. 

Peekins,  L.,  elected  Member,  1861,  109. 

High- Pressure  Steam  Engine,  Paper  on  a  boiler,  engine,  and  surface 
condenser,  for  very  high-pressure  steam  with  great  expansion,  1861,  94. 
— Pressure  of  steam  in  each  cylinder,  104. — Cost  of  engine,  105. — Boiler 
couplings,  107. 
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Perks,  J.  H.,  elected  Member,  1866,  55. 

Condenser,    Ejector,   working  of  condenser,  1872,   265.  —  Fluctuation  of 

vacuum  at  each  discharge  of  exhaust  steam  into  condenser,  265. 
Riveted  Joints,  increase  of  strength  in  diagonal  joint,  1872,  83. 

Peeran  Iron  Lode,  1873,  103,  118. 

Perring,  J.  S.,  elected  Member,  1856,  79. — Decease,  1870,  2.— Memoir,  15. 

Perry,  F.  C,  Boiler  Lining,  Whittle's,  great  success  of  lining  in  removing  and 
preventing  deposit,  1871,  62. 

Perry,  T.  J.,  elected  Member,  1863,  246. 

Perry,  W.,  elected  Member,  1865,  54. 

Peto,  S.  M.,  elected  Honorary  Member,  1848,  July,  20. 

Pettifoe,  J.,  elected  Honorary  Member,  1856,  80. 

Peyton,  A.,  elected  Honorary  Member,  1864,  122. 

Peyton,  E.,  elected  Member,  1860,  53. 

Philipson,  G.  H.,  elected  Member,  1848,  July,  20. 

Pickersgill,  T.,  elected  Member,  1869,  276. 

PiDGEON,  D.,  elected  Member,  1867,  60. 

PiGGOTT,  G.,  elected  Member,  1856,  7. — Decease,  1872,  2. — Memoir,  20. 

Magnetic  Water  Gauge,  Paper  on  Pinel's  magnetic  water  gauge  for  steam 
boilers,  1860,  83. 

Pile  Driver,  Paper  on  an  improved  steam  pile-driver,  by  R.  Morrison,  1856, 
287. — Advantage  over  hand  pile-drivers,  287. — Description  of  machine, 
287. — Mode  of  working,  288. — Advantages  over  other  machines,  289. 

Z>is«m?>7i.— Bach,  R.,  292,  293.— Running,  T.  W.,  290,  291,  292,  293. 
— Hawkes,  W.,  292.— Humber,  W.,  291.— Lloyd,  Sampson,  290,  291,  292, 
293.— Lloyd,  Samuel,  Jun.,  291.— Phillips,  J.,  291.— Ramsbottom,  J.,  292. 
—Shelley,  C.  P.  B.,  293. 

Pile  Driver,  Paper  on  the  theory  of  pile  driving,  with  description  of  an 
improved  steam  pile-driving  machine,  by  M.  Scott  and  A.  J.  Robertson, 
1857,  12. — Theory  of  pile  driving,  general  deductions,  12. — Importance 
of  heavy  ram,  13. — Height  of  fall,  14. — Calculation  of  efEective  fall  of 
ram  in  Nasmyth's  steam  pile-driver,  16. — Description  of  improved  steam 
pile-driver,  18. — Clutches  for  disengaging  drums,  19. —  Spring  and  air 
cylinder  to  prevent  shock,  20. — Advantages  of  steam  pile-driver,  22. 

2>w«/.'!s/w.— Fenton,  J.,  23.— Fothergill,  B.,  23,  24.— Robertson,  A.  J., 
23,  24.— Whitworth,  J.,  23,  24. 
Pile  Driver.  Paper  on  an  improved  steam  pile-driver  with  endless  chain,  by 
P.  B.  Eassie.  1867,  255. — Former  attachments  of  lifting  chain  to  ram, 
255.— Improved  pile-driver,  256.— Follower,  257. — Striker-ofE,  258. — 
Endless  pitch-chain,  258. — Platform,  259.— Telescopic  pile-driver,  260. 
— Needle,  261. — Cast-iron  pile-shoes,  261. — Particulars  of  working  of 
telescopic  pile-driver,  262. 
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J)iscussio7i.  —  Govfpev,  E.  A.,  26i,  — Eassie,  P.  B.,  263,  265.  — Lloyd, 

Sampson,  2G3,  266.— Naylor,  W.,  265. 
Pilgrim,  T.,  Superheated  Steam,  economy  from  application  of  superheating  to 

Thames  boats,  1860,  36. — Cutting  of  cylinders  probably  due  to  dirt  in 

priming  water,  37. 
PiLKiNGTON,  R.,  Jun.,  elected  Member,  1854,  5. 

Balanced  Valve,  saving  in  wages  for  working  steam  hammer  with  balanced 

valve,  1867,  193. 
Plate  Glass  Manufacture,  uneven  surface  of  plates  if  annealing  oven  too 

hot,  1863,  219. — Great  cost  of  importing  foreign  sand,  220. 
Polished  Sheet  Glass,  Paper  on  the  processes  and  mechanical  appliances  in 

the  manufacture  of  polished  sheet  glass,  1863,  268. — Time  required  for 

polishing,  278. 
PiM,  J.,  elected  Member,  1859,  217. 
PiM,  W.,  elected  Member,  1848,  July,  20. 

Pinel's  Magnetic  Water  Gauge.    See  "Water  Gauge,  1860,  83. 
Pipe  Joints,  High  temperature,  1860,  33. — 1873,  82. — Hydraulic  machinery, 

1858,  143.— 1872,  201.— India-rubber,  1848,  Oct.,  20. 
Piston,  Paper  on  an  improved  piston  for  steam  engines,  by  J.  Ramsbottom, 

1854,  70. — Description  of  piston,  71.— Advantages,  71. — Durability  and 

cost,  72. 

jDisc?«sio«.— Chelliugworth,  T.  T.,  74.— Everitt,  G.  A.,  73.— Jobson,  R., 

73.— Mathews,  W.,  73,  74.— Payne,  E.  J,,  74.— Ramsbottom,  J.,  73,  74.— 

Slate,  A.,  73,  74. 
Piston,  Paper  on  an  improved  wrought-iron  piston,  by  J,  E.  McConnell,  1854, 

119. — Description  of   piston,  120. — Packing,  120. — Lightness  of  piston, 

120.— Durability,  121. 

2)isc?mio?t.— Chellingworth,  T.  T.,  122.— Fairbairn,  W.,    121,   122.— 

McConnell,  J.  E.,  121,  122. 
Piston  Packing,  Paper  on.  a  spiral-coil  piston-packing,  by  D.  Joy,  1855, 171. — 

Description  of  packing  and  piston,  171. — Pressure  on  surface  of  packing, 

172. — Experiments,  173. — Facility  of  renewal,  174. 

Discussion.  —  Cowper,  E.  A.,  175.  —  Fairbairn,  W.,  174,  175,  176. — 

Joy,  D.,  174,  175.— Marshall,  W.  P.,  176.— Ramsbottom,  J.,  174. 
Piston  Packing,  Paper  on  the  construction  of  packing  rings  for  pistons,  by 

J.  Ramsbottom,  1855,  206.  —  Unequal  wear  of   circular  rings,  206. — 

Experiments  on  form  of  ring,  206.  —  Light  pressure  against  cylinder 

sufficient,  207. 

Discussion. — Jackson,  P.  R.,  207. — Joy,  D.,  208. — Ramsbottom,  J.,  208. 
Piston  Packing,  Paper  on  a  packing  for  pistons  of  steam  engines  and  pumps, 

by  G.  M.  Miller,  1862,  315.  —  Packing  for  locomotive  engine  pistons, 

815. — Joints  of  ends  of  packing  rings,  316. — Durability  of  brass  and  steel 
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packing  rings,  316. — Packing  for  stationary  engines,  318. — Pump  bucket 
and  plunger  packings,  319. 

Dlxcussion— Beyer,  C.  F.,  324.  325,  326,  327.— Bramwell,  F.  J.,  320, 
323,  325,  326.— Fernie,  J.,  320,  321,  322,  323,  32i,  327.— Joy,  D..  32i.— 
Miller,  G.  M„  320,  321,  322,  323,  324,  325,  326,  327.— Wright,  J.,  325. 

Piston  Watee-Meter.     See  "Water  Meter,  1856,  151. 

Pitts,  J,,  elected  Member,  1859,  97.— Decease,  1871,  2.— Memoir,  16, 

Plant,  E.,  elected  Member,  1852,  9. 

PiiATT,  James,  elected  Member,  1871,  65. 

Platt,  John,  elected  Member,  1859,  248.— Decease,  1873,  2.— Memoir,  19. 
Cotton- Spinning  Machinery,  Papei'    on  machinery  for  the  preparing  and 
spinning    of    cotton,    1866,    199.  —  Combing    machine    beginning    to 
supersede  carding  engine,  243. 

Platt,  S.  E.,  elected  Member,  1867,  60. 

Platt,  W.  W.,  elected  Member,  1870,  19, 

Platee,  J.,  elected  Member,  1862,  20.— Decease,  1871,  2.— Memoir,  17. 

Playek.  J.,  Jun.,  elected  Member.  1869,  77. 

Ploughing  by  Steam  Power.     See  Steam  Cultivation,  1857,  57. — 1865,  55. 

Plum,  T.  E.  D.,  elected  Member,  1866,  265, 

Plum,  T.  W.,  elected  Member,  1861,  109. 

Ships.  Iron,  rolling  large  girders,  1863.  145. 

Pneumatic  Lift,  Paper  on  a  pneumatic  lift,  by  B.  Gibbons,  1849,  July,  11. — 
Pneumatic  lift  employed  to  raise  ore,  coal,  and  limestone  for  charging 
blast-furnaces,  11. — Ordinary  inclined  plane  objectionable  from  space 
occupied,  and  difficulty  in  stopping  if  chain  breaks,  12.  -  Water  balance 
objectionable,  because  break  required  to  check  accelerated  velocity  in 
descent,  12. — Pneumatic  lift  worked  by  pressure  of  furnace  blast,  13. — 
Platform  on  top  of  air-cylinder  prevents  risk  from  breaking  of  chain, 
14,— Mode  of  working,  15. — Velocity  of  descent  checked  by  regulating 
escape  valve,  16. — Supply  of  blast  and  cost  of  working,  17. — Economy 
from  use  of  small  power  constantly  acting,  18,  —  Plattorm  cannot  fall 
quicker  than  whole  body  of  air  can  escape,  18. — Complete  control  over 
motion  of  platform  by  air  valve,  18. 

Discnssion.—B\xck\e,  W,,  19.— Beyer,  C.  F.,  19.— Cochrane,  A.  B.,  19.— 
Cowper,  E.  A.,  20.— Gibbons,  B.,  19,  20.— Slate,  A.,  20, 

Pneumatic  Signal  Bell,  by  W.  P.  Maddison,  1857,  83. 

Pole,  W.,  elected  Member,  1872,  75. 

Cornish   Pumping  Engines,  high  degree  of    expansion  in   some   Cornish 

engines,  1862,  161. 
Double-Cylinder  Engines,    Paper  on  the  double-cylinder  expansive  steam 
engine,  1862,  242. — Impossible  to  carry  expansion  far  in  single-cylinder 
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crank  engine,  269. — Initial  blow  on  piston,  269. —  Limit  to  degree  of 
expansion,  283. — Duty  of  double-cylinder  engines  equal  to  best  Cornish 
engines,  283. 
Iron  Armour  for  Ships,  soft  iron  necessary  for  armour  plates,  1862,  301. — 
Several  thin  plates  fastened  together  failed  as  armour,  302. — Continuous 
riveting  very  successful  mode  of  fastening  plates,  303. — Wood  backing 
useful  in  preventing  jar  and  distributing  force  of  blow,  304. — Wood 
placed  outside  armour  is  of  very  little  use,  306. 

Pollard,  J.,  elected  Member,  1856,  79. 

POKSONBY,  E.  v.,  elected  Member,  1860,  90. 

Portable  Engine,  Paper  on  Cox  and  Wilson's  portable  single-acting  steam 
engine,  by  T,  T.  Chellingworth,  1853,  69.— Description  of  engine,  69. — 
Boiler,  70. — Advantages  and  applications,  70. — Governor,  71. 

i?(sc?mww.  —  Chellingworth,  T.  T.,   71,  72.  — Cowper,  B.  A.,   72.— 
Middleton,  W.,  72.— Slate,  A.,  72.— Wilson,  J.  W.,  72. 

Portable  Engine  much  improved  in  late  years,  1873,  184. — Trials  in  1872 
at  Cardiff,  195. — Comparison  with  beam  engines,  167. 
See  also  Agricultural,  and  Mining. 

Portable  Hydraulic  Riveter,    See  Hydraulic  Machinery,  1872,  199. 

Portable  Steam  Riveter.     See  Riveter,  Portable  Steam,  1865,  129. 

Porter,  C.  T.,  elected  Member,  1866,  265. 

Allen  Engine,  Paper  on  the  Allen  engine  and  governor,  1868,  50.— Working 
speed,  76. — Mechanical  lubricator,  77. — Adjustment  of  lead  of  valves, 
77. — Vacuum  given  by  air-pump,  78. — Further  points  in  Allen  engine,  79. 

Porter,  J.  H.,  elected  Member,  1852,  41. 

Wrought-Iron  Lighthouse,  Paper  on  the  Buda  wrought-iron  lighthouse, 
1861,  15. — Diagonal  trussing  transfers  weight  of  staircase  and  house  to 
outside  pillars,  25. — Saving  in  weight  from  use  of  steel  framing,  27. — 
Joints  of  main  pillars,  29. 

Porter,  R.,  elected  Member,  1861,  14. 

Porter  Governor.    See  Allen  Engine,  1868,  50. 

Potter,  W.  A.,  elected  Member,  1869,  120. 

Potts,  A.,  Original  Member,  1847. 

Potts,  B.  L.  F.,  elected  Member,  1864,  271. 

Potts,  J.  T.,  elected  Graduate,  1851,  July,  45. 

Powell,  T.,  elected  Member,  1870,  125. 

Powell,  W.,  elected  Member,  1867,  18. 

Power  Transmission,  by  Compressed  Air.  See  Coal- Cutting  Machinery, 
1868,  135. 

—  Water  Pressure.     See  Hydraulic  Machinery,  1868,  21. 

—  Wire  Rope.     See  Crane,  1868,  164. 
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Peatchitt,  J.,  elected  Member,  1867,  60. 

Peatchitt,  W.,  elected  Member,  1865,  218. 

Peeseevation  of  Timbee.     See  Timber,  1851,  Oct.,  10.— 1856.  196. 

Pbesidext,  Addeess.     See  Address  of  President. 

Peessuee  Gauge,  Paper  on  Bourdon's  metallic  barometer,  indicator,  and 
other  applications  of  the  same  principle,  by  C.  Cowper,  1852,  141. — 
Yarious  principles  of  pressure  gauges,  142. — Original  discovery  of 
principle  of  Bourdon's  gauge,  142.  —Action  of  flattened  bent-tube,  143. — 
Description  of  pressure  gauge,  145. — Barometer,  147. — Pyrometer,  147. — 
Brewer's  thermometer,  148.  —  Steam-engine  indicator,  148. —  Steam 
engine  acting  on  same  principle,  149. 

Discussioii. — Buckle,  W.,  150. — Cowper,  C,  150. — Peacock,  R.,  150. 

Pbessube  Gauge,  Paper  on  an  improved  pressure  gauge  for  steam  and  water, 
by  J.  E.  Clift,  1855, 129.— Principle  of  Webster's  gauge,  129.— Description 
of  gauge,  130. — Index  motion,  131, — Extent  of  motion  of  plate,  131. — 
Thicknesses  of  plates  for  different  pressures,  133,  —  Modified  gauge, 
133.— Water-level  indicator,  134. 

Discussion.— Clxit,  J.  E.,  134,  137.— Hodge,  P.  E.,  135,  137.— Joy,  D., 
135.— McConnell,  J,  E,,  134, 135, 136,  137.— Kofe,  H.,  136.— Shipton,  J.  A., 
135.— Webster,  J.,  135,  136. 

Peessuee  Gauge,  Paper  on  an  improved  pressure  gauge,  by  J.  Inshaw,  1857, 
204. — Description  of  gauge,  204.  —  Action  of  gauge,  204. — Adjusting 
graduation  of  dial,  205. — Steel  pressure-plates,  205. — Special  features  of 
gauge,  206. 

Z>/sc«*'sio«.— Fairbairn,  W.,  208,  209,  210.— Femie,  J.,  208,  209.— 
Fothergill,  B.,  209.— Inshaw,  J.,  207,  208,  209,  210. 

Peessuee  Gauge,  Paper  on  a  new  steam  pressure  gauge,  by  A,  Allan,  1859, 
179. — Principle  and  description  of  compressed-air  gauge,  179. — Gauge 
can  be  readjusted  at  any  time,  180. — Modified  forms  of  gauge,  181. — 
Proving  apparatus,  182. 

Discussion.— ^\\&^,  X.,  182,  183,  184.— Brown,  R.,  185,— Cowper,  E.  A., 
183.— Fothergill,  B.,  185.— Longridge,  R.  B.,  183.— Tomlinson,  J.,  184. 

Peessuee  Gauge,  Paper  on  steam  pressure  gauges,  by  E.  Spon,  1871,  281. — 
Inaccuracy  of  most  gauges,  281. — Mercurial  gauge,  281. — Bourdon  gauge, 
282. — Schaeffer's  corrugated-plate  gauge,  283. — Wallis's  segmental-plate 
gauge,  284. — Miller's  piston  gauge,  284. — Smith's  diaphragm  gauge,  285. — 
Silvesters  gauge  with  three  springs,  286. — Foster's  gauge,  287. — Syphon 
pipe  for  pressure  gauges,  287. — Points  to  be  aimed  at  in  pressure  gauge, 
288, 

Z)(«CMS«w».— Hawksley,  T.,  290.— Marten,  E.  B.,  289.— Ramsbottom,  J., 
289,  291.— Spon,  E.,  288,  289. 
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Pbeston,  F.,  elected  Member,  1856,  250. 

Preston,  E.  B.,  elected  Member,  1848,  Apl.,  24.  —  Council,  1849,  Jan.,  9.— 
1852,  8.— Decease,  1861,  2. 
Pump,  crank  motion  preferred  to  tappet,  1852,  176. — India-rubber  valves, 
176,  178. 

Price,  J.,  elected  Member,  1866,  265. 

Prideaux,  T.  S.,  elected  Member,  1856,  97. 

Furnace  Valve,  saving  in  fuel,  1854, 117. — Importance  in  cooling  stoke-holes 
of  ships,  118.— Durability,  119. 

Printing  Machine  for  Bank  Notes,  Paper  on  the  bank-note  printing  machine 
at  the  Bank  of  Ireland,  by  T.  Grubb,  1865,  166. — Three  stages  in  process 
of  printing,  166. — Description  of  machine,  167. — Time  of  taking  impression, 
167. — Wiping  ofE  superfluous  ink,  167. — Turning  and  locking  of  polygon, 
168. — Motion  of  printing  roller,  168. — Inking  of  plates,  169. — Ink  scraper, 
171. 

Biscussion.—G^x\x\i\  T.,  173,  174.— Mallet,  E.,  176.— Napier,  E.,  173, 
174,  178. 

Projectiles,  Velocity,  description  of  Capt.  Noble's  instrument  for  determining 
the  velocity  of  projectiles  in  difEerent  parts  of  the  bore  of  a  gun,  1869, 
201. — Mode  of  rotating  the  discs,  201. — Speed  of  rotation,  202. — Induction 
coils  for  registering,  203. — Modeof  connecting  with  gun,  203.— Experiments, 
204. — Previous  instrument  with  electro-magnets.  205.  —  Measm-ement  of 
distances  between  spots,  205. — Calculation  of  curves,  206. — Comparison 
of  slow  and  quick-burning  powder,  206. 

Proof  of  Guns  by  Measurement.    See  Guns,  Proof  of,  1866,  105. 

Propeller,  Screw.     See  Screw- Propeller,  1852,  163. 

Puddling,  Mechanical,  Paper  on  puddling  iron  by  machinery,  by  H.  Bennett, 
1864,  298. — Objects  aimed  at  in  applying  machinery  to  puddling,  298. — 
Description  of  mechanism  for  working  the  rabble,  299. — Mode  of  working. 
301. — Consumption  of  coal,  and  yield  of  iron,  302. 

Z>iscwmo».— Barker,  P.,  303.— Beard,  G.,  307.— Cowper,  E.  A.,  303,  305, 
309.— Fisher,  W.,  303,  305,  306,  308.— Lloyd,  Sampson,  305.— Mathews,  W., 
306.— Maudslay,  rf.,  303.— Smith,  F.,  305. 

Puddling,  Mechanical,  Paper  on  mechanical  puddling,  by  W.  Menelaus,  1867, 
151. — DifEerent  plans  of  mechanical  puddling,  151. — Experimental  vessel, 
152. — Trial  forge  with  four  vessels,  153. — Linings,  155.— Eesults  very 
uniform,  but  quality  not  satisfactory,  157. 

Bucuss'wn.—^aW,  1.  L.,  165.— Bramwell,  F.  J.,  160.— Clay,  W.,  168.— 
Cochrane,  C,  169.— Menelaus,  W.,  158,  160,  162,  165,  167,  168,  169,  170.— 
Neilson,  W.  M.,  171.— Newton,  W.  E.,  167,  169.— Penn,  J.,  158,  162,  165, 
169, 170, 172.— Richards,  E,  W.,  163.— Riley,  E.,  164,  171.— Siemens,  C.  W., 
158.— Webb,  F.  W.,  171.— Williams,  E.,  162,  165,  171. 
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Pump,  Centrifugal,  Paper  on  the  mathematical  principles  Involved  in  the 
centrifugal  pump,  by  A.  J.  Robertson,  1852,  99.— General  construction, 
100. — Calculation  of  force  to  produce  flow,  100. — Velocitj'-  and  amount  of 
discharge,  101. — Power  required,  102. — Waste  of  power,  104. — Percentage 
of  useful  efEect,  105. 

Z>i.'?c«ssJo;i.— Bishop,  107.— Buckle,  W.,  106,  108.  —  Cowper,  E.  A., 
107.  — Cramptou,  T.  R.,  108.  —  Edwards,  J.,  108.  — Grissell,  H.,  107.— 
McConnell,  J.  E.,  108.— Phipps,  G.  H.,  106,  107.— Stein,  106,  107. 

Pump,  Centrifugal,  Supplementary  Paper  on  the  mathematical  principles 
involved  in  the  centrifugal  pump,  by  A.  J.  Robertson,  1852,  153. — Limit 
of  useful  efEect,  153. — Calculations  from  experiments  on  Gwynne's  pump, 
154. 

i?iscw5s;o«..— Appold,  J.  G.,  155,  157,  159,  160,  162.— Clift,  J.  E.,  157, 
163.  — Elwell,  E.,  162,  — Gibbons,  B.,  159,  160,  161.  —  WTiitworth,  J.,  155, 
162. 

Pump,  Centrifugal,  Supplementary  Paper  on  the  mathematical  principles 
involved  in  the  centrifugal  pump,  by  A.  J.  Robertson,  1853,  165. — 
Advantage  of  curved  arms,  165. — General  construction  of  pump,  166. — 
Calculation  of  amount  of  force  to  produce  flow,  167. — Proper  curvature 
of  arm,  170. — Variation  in  effect  with  varying  height  of  lift,  171. — Variation 
in  sectional  area  of  arm,  172. — Effect  of  shape  of  discharging  orifice,  173. 

Pump,  Direct-Acting,  Paper  on  a  new  direct-acting  steam  pump,  by  W.  K. 
Whytehead,  1852,  174.  —  Description  of  pump,  174.  —  Particulars  of 
working,  175. 

Discussion.— kdi&m^,  W.  A.,  177.— Appold,  J.  G.,  176,  177.— Clift,  J.  E., 
177.— Gibbons,  B.,  177.— Lloyd,  Sampson,  177.— Marshall,  W.  P.,  176.— 
Middleton,  W.,  176.— Preston,  R.  B.,  176,  178.— Ramsbottom,  J.,  175,  176. 
— Whitworth,  J.,  178.— Wright,  H.,  177, 

Pump,  Horizontal  V,  Paper  on  a  horizontal  V  pump,  by  J,  J,  Birckel,  1864, 
33. — Description  of  pump,  33, — Advantages,  35,— Loss  by  friction,  36. 

DisczmJOK.— Birckel,  J.  J.,  37,  38,  39,  40,  41,  42,  43,— Bramwell,  F.  J., 
39.  — Cowper,  E.  A.,  43.  — Humphr3's,  E.,  41,  42.  — Maudslay,  H.,  40.— 
Napier,  R.,  37,  38,  42,  43.— Penn,  J.,  41.— Wilson';  J.  C,  42,— Woods,  H,,  40. 

Pump  Valves,  Paper  on  improvements  in  pump  valves,  by  J.  Hosking,  1858, 
249.  —  Double-beat  valve,  249. — Various  other  valves,  250.  — Gill  valve 
with  area  of  discharge  greater  than  area  of  supply  pipe,  250. — Pyramidal 
valve  with  india-rubber  rings,  251.  —  India-rubber  ball-valve,  251. — 
Application  to  pump  buckets,  252. 

Discussion.  —  Armstrong,  W.  G.,  254,  255.  —  Cowper,  E.  A.,  254. — 
Fothergill,  B.,  253.— Hosking,  J.,  253,  254,— Prideaux,  T,  S,,  253. 

Pumping  Engines,  Paper  on  the  new  pumping  engines  at  the  Birmingham 
Water  Works,  by  W.  S.  Garland,  1853,  110.— General  arrangement  of 
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engines,  110. — Description  of  engines,  111. — Regulating  throttle-valve, 
111.  —  Pumps,  112.  —  Air  vessels,  113.  —  Beam,  113.  —  Amount  of  water 
pumped,  114. 

Discussion.  — Beyer,  C.  F.,  115,  116.  — Cowper,  C,  114,  115,  116.— 
Garland,  W.  S.,  114,  115,  116.— Ramsbottom,  J.,  114,  115. 

Pumping  Engines,  Paper  on  a  new  construction  of  pumping  engine,  by 
W.  Fairbairn,  1855,  177. — Cornish  pumping  engine,  178. — Description 
of  new  engine  with  beams  below,  179. — Pumps,  180. — Arrangement  in 
shaft,  181. 

Discussion.— Beyev,  C.  F.,  182.— Neale,  182.— Ramsbottom,  J.,  182.— 
Siemens,  C.  W.,  182. 

Pumping  Engines,  Paper  on  the  pumping  engines  of  the  Wolverhampton 
Water  Works,  with  some  remarks  on  water  pumping,  by  H.  J.  Marten, 
1856,  7.  —  Direct-acting  engines  at  Tettenhall,  7.  —  Sand  covering  for 
boilers,  8. — Wood  beats  for  pump  valves,  9. — Area  of  steam  valves,  9. — 
Speed  of  working,  and  duty,  10. — Beam  engine  at  Goldthorn  Hill,  10. — 
Boilers  and  steam  pipes,  10.  —  Pumps  and  valves,  11.  —  Stand-pipe  for 
pumping  through,  12.  — Double-beat  valve,  13. — Hosking's  ball-valve,  14. — 
Advantage  of  beam  engine  for  pumping,  15.  —  Temporary  pumping 
engine,  17. 

Discussion.— T&uhidxn,  W.,  19,  20,  21,  22,  23,  24.— Fenton,  J.,  20,  22, 
23.— Garland,  W.  S.,  21.— Marten,  H.  J.,  19,  20,  21,  22.— Wright,  H.,  23. 

Pumping  Engines,  Paper  on  two  pair  of  horizontal  pumping  engines,  by  E.  A. 
Cowper,  1858,  46. — Crank  engine  gives  greater  regularity  in  flow  of 
water  than  Cornish  engine,  47. — Advantage  of  heavy  beam  to  pumping 
engine,  48. —  Description  of  pumping  engines  at  Crystal  Palace,  49.— 
Pump  valves,  50.  —  Pumping  engines  with  very  long  suction-pipe,  and 
stand-pipe,  51.  —  Indicator  diagrams,  51.  —  Slide-valves,  and  cam  valve- 
motion,  52.  —  Pumping  engines  at  Yarmouth  Water  Works,  53. —  Pump 
valves,  54. — Consumption  of  coal ;  indicator  diagrams,  55. 

Z>iSCJ«s?o«.— Brown,  J.,  60.  —  Cowper,  E.  A.,  56,  57,  59,  60,  61. — 
Garland,  W.  S.,  56,  61,  62.— Lloyd,  Samuel,  61.— Maudslay,  H,,  59,  60,  61, 
62.— Muntz,  G.  F.,  57,  60.— Siemens,  C.  W.,  57. 

Pumping  Engines,  Paper  on  the  pumping  engine  at  the  Newcastle  Water 
Works,  by  R.  Morrison,  1859,  55.  —  Locality  and  arrangement  of 
reservoirs,  mains,  filter  beds,  &c.,  55. — Pumping  engine  to  .supply  higher 
parts  of  town,  56. — Pump  valves,  56. — Expansion  slide,  57. — Special 
two-way  cock  for  starting  engine,  57. — Boilers,  57. — Indicator  diagi-ams, 
58. 

Discussion. — Cochrane,  A.  B.,  60. — Fernie,  J.,  60. — Marshall,  W.  P., 
59.— Marten,  H.  J.,  59.— Maudslay,  H.,  58,  59,  61.— Smith,  W.,  60. 

T 
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Pumping  Engines,  Paper  on  the  Crossness  pumping  engines  for  the 
Metropolitan  Main  Drainage  Worlds,  by  G.  Hamilton,  1867,  236.— 
Position  of  pumping  station,  236.  —  Reservoir,  236.  —  Pumps,  237. — 
Arrangement  of  pumping,  238. — Pumping  engines,  239. — Valve  cams, 
240. — Indicator  diagrams,  240. — Details  of  trials,  241. — Boilers,  241. — 
Amount  of  pumping  per  day,  241. 

Disenssion.  —  Bramwell,  F.  J.,  243.  —  Cowper,  E.  A.,  250.  —  Gray, 
J.  M.  F.,  243,  247,  248,  252.  — Hamilton,  G.,  242,  243,246,2.53,254.— 
Lloyd,  Sampson,  242,  254.  — Naylor,  W.,  249.  — Siemens,  C.  W.,  248.— 
Walker,  B.  P.,  254, 

Pumping  Engines,  Coenish,  Paper  on  the  relations  of  power  and  effect  in 
Cornish  pumping  engines  over  long  periods  of  working,  by  C.  Greaves, 

1862,  147. — Description  of  engines  at  East  London  Water  Works,  147. — 
Working  speed,  149. — Different  degrees  of  expansion,  150. — Diagram  of 
valve-motion,  151. — Consumption  of  feed  water  per  stroke,  153, — Actual 
final  expansion,  154, — Difference  between  theoretical  and  actual  final 
expansion,  155.  —  Theoretical  minimum  consumption  of  fuel,  157. — 
Reasons  for  not  obtaining  full  power  of  steam,  157. 

Discussion. — Adamson,  D.,  162. — Bramwell,  F.  J.,  161. — Cowper,  E,  A,, 
162,  167.— Fernie,  J.,  165.  — Greaves,  C,  158,  160,  161,  165,  167,— 
Hawksley,  T.,  165,  167.  — Howe,  W.,  166,  167.  — Pole,  W,,  160,  161,— 
Reynolds,  E.,  167.— Siemens,  C.  W.,  165.— Slaughter,  E.,  167. 
Pumping  Engines,  Coknish,  Paper  on  the  Cornish  pumping  engine  with 
wrought-iron  beam,  and  the  pit  work  at  Clay  Cross  Colliery,  by  W.  Howe, 

1863,  248.— Extent  of  colliery,  248.— Engine  aud  engine-house,  249. — 
Foundations,  250. —  Cylinder  covering,  250. — Tappet-rods,  valves,  &c., 
251. — Wrought-iron  beam,  251. — Starting  and  working  of  engine,  253. — 
Boilers,  254. — Bucket  pump,  254. — Bucket  spears,  255. — Plunger  pumps, 
256, — Rising  main,  and  spears,  257. — Girders  and  banging-beams,  258. — 
Valves  in  rising  main,  259.  —  Indicator  diagrams,  260. — Work  done  by 
engine,  261, 

Discussion.— 'BramvreW,  F.  J.,  262,  263.— Cowper,  E.  A.,  264,  265,  267.— 
Fernie,  J.,  264,  265,  266.— Howe,  W.,  262,  264,  265,  266.— Lloyd,  Sampson, 
262,  265,  266,  267.— Warham,  J.  R.,  264.— Webb,  F.  W.,  267. 

Punch,  Hydeaulic.  See  Hydi-aulic  Shearing  Press,  1858,  70. — Hydraulic 
Shears  and  Punch,  1862,  341. 

PUEVES,  J.,  elected  Member,  1869,  77. 

Putnam,  W.,  elected  Member,  1866,  265. 

Pyrometer,  Paper  on  a  new  mode  of  measuring  high  temperatures,  by 
J.  Wilson,  1852,  53. — Wedgwood's  pyrometer,  53. — Daniell's  pyrometer, 
53. — Air  pyrometer,  54. — Description  of  new  pyrometer,  55. — Corrections 
to  be  made,  56. — Table  of  melting  points  of  various  substances.  57. 
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Discussion. — Clift,  J.  E.,  59.— Stephenson,  R.,  58,  59,  60.— Wilson,  J,, 
58,  59. 
See  also  Hot-Blast   Stoves,    Regenerative,  1860,  59,  64.  —  Blast  Furnaces, 
Cleveland,  1864,  257. 

Q. 

QuiCKSiLVEB  Engine,  Howard's,  1870,  218. 

R. 

Radcliffe,  a.  H.  W.,  elected  Member,  1873,  46, 

Radcliffe,  W.,  elected  Member,  1870,  126. 

Radfoed,  J.,  Original  Member,  1847. — Council,  1847. 

Rafabel,  F.  W.,  elected  Member,  1868,  103. 

Rails,  Steel,  much  weakened  by  bolt  hole,  1873,  256. — Wrought-irou,  not  much 
injured  by  hole,  256. 
See  also  Steel  Rails  and  Armour  Plates,  1861,  121. 

Railway  Axles.    See  Axles. 

Railway  Axle  Lubrication.     See  Lubrication,  1853,  57. — Axlebox. 

Railway  Axlebox  and  Crossing.     See  Axlebox,  1852,  213. 

Railway  Axlebox  and  Spring  Fittings.    See  Axlebox,  1855,  182. 

Railway  Beeak.     See  Break. 

Railway  Bridge.    See  Bridge,  1861,  171.— 1863, 16.-1869,  121. 

Railway  Bridge  Piers.    See  Bridge  Piers,  1863,  16. 

Railway  Buffer.    See  Buffer. 

Railway  Carriages,  Pajpe?'  on  the  saving  of  dead  weight  in  passenger  trains, 
by  C.  Fay,  1857,  149. — Comparison  of  railway  carriage  with  stage  coach, 
149. — Saving  in  dead  weight  with  large  carriages,  150. — Advantages  of 
long  over  short  carriages,  150. — Objections  to  carrying  luggage  on  roof 
of  carriage,  152. — Carriage  with  luggage  compartment  at  each  end,  153. — 
Tension  bars  for  long  carnages,  154. — Axle  guartls,  155. — Fratuing  of 
coach  bodies,  165. 

Discussion. — Brogden,  H.,  159. — Fairbaim,  "W.,  158,  160. — Fay,  C,  157, 
158,  159,  160.— Lloyd,  Samuel,  Jun.,  159.  — McConnell,  J.  E.,  156.— 
Slater,  I.,  158,  160.— Whitworth,  J.,  157,  161.— Woodhouse,  H.,  159.— 
Wright,  J.,  Jun.,  160. 

Railway  Carriage  Elevator,  Paj^er  on  a  railway  carriage  elevator,  by  W.  L. 
Kinmond,  1848,  Oct.,  17. — Elevator  employed  to  raise  and  lower  railway 
wagons  at  Glasgow  terminus,  17. — Platform  moved  by  four  shafts  with 
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Railway  Caebiage  Elevatoe  (continued). 

screws  working  in  circular  racks,  18.— Racks  revolve  with  screws,  saving 
much  friction,  18.— Self-acting  disengagement  at  top,  18.— Friction  break 
to  control  speed  of  descent.  18. 

Discussion— Ciampton,  T.  E.,  19.— Hoby,  J.  W.,  19.— McConnell,  J.  E., 
19.— Slate,  A.,  19. 
Railway  Caerying  Stock,  Paper  on  railway  carrying  stock,  byW.  A.Adams, 
1850,  Oct.,  26.— Great  weight  of  modern  carriages  and  wagons,  26. — 
Wagons  and  carriages  constructed  only  for  strength  and  durability,  27. — 
"Weight  of  road  vehicles,  28. — Tramway  rails  and  wagon,  29.— Destructive 
action  of  locomotives  on  horse  tramway,  30. — Horse  carriage  for  short 
branch  lines,  31.— Increase  of  dead  weight  in  carriages  and  wagons,  32. 
Discussion. — McConnell,  J.  E.,  33. 
Railway  Carrying  Stock,  Papei'  on  the  improvement  of  the  construction  of 
railway  carrying  stock,  by  W.  A.  Adams,  1851,  Jan.,  10.— Increase  of  dead 
weight.  10. — Differences  between  railway  and  road  vehicles,  11. — Sole  bars, 
11. — Experiments  on  iron  sole  bars  compared  with  wood,  12, — Difficulty 
of  obtaining  well-seasoned  oak,  14. 

Discussion.— Adams,  W.  A.,  16,  17.— Allan,  A.,  16.— Barrans,  J.,  16.— 
Clift,  J.  E.,  18.— Cowper,  E.  A.,  16,  17.— Dockray,  R.  B.,  15.— Gibbons,  B., 
18.— Henson,  H.  H.,  19.— Jones,  E.,  15.— Selby,  G.,  16.— Slate,  A.,  15,  17, 
18.— Thorneycroft,  T.,  15.— Wright,  H.,  16,  18. 
Railway  Chairs,  Paj^er  on  an  improved  mode  of  moulding  chairs,  by  E.  A. 
Cowper,  1851,  July,  42.— Description  of  mode  of  moulding,  42. — Chill 
plates,  43. 

Discussion.— Cowper.  E.  A.,  44. — McConnell,  J.  E.,  45.— Middleton,  W., 
44._Slate,  A.,  44. 
Railway  Chairs,  Paper  on  an  improved  railway  chair,  by  J.  McConochie, 
1853.  9. — Description  of  improved  chair,  9. — Safety  of  rail  not  dependent 
on  key,  10. — Joint  chair,  11. — Bearing  surface  of  rail  on  chair,  12. — 
Advantages  of  improved  chairs,  13. — Particulars  of  experiments,  14. — 
Lateral  deflection  of  rails,  15. 

Discussion.— Qovipex,  E.  A.,  17.— Fothergill,  B.,  16.— Lloyd,  Samuel, 
18.— McConnell,  J.  E.,  15,  16,  17,  18.— McConochie,  J.,  15,  16,  17,  18.— 
Stephenson,  R.,  16,  17,  18.— Williams,  R.,  18. 
Railway  Chairs,  Paper  on  an  improved  railway  joint  chair,  by  R.  S.  Norris, 
1853,  101. — Casting  chairs  on  rails  when  laid,  101. — Operation  of  casting, 
102. — Portable  cupola,  103. — Casting  iron  keys  into  ordinary  chairs,  104. 

2)t«c?«*io».— Blackwell,  S.  H.,  104,  105,  107,  108.— Cowper,  C,  107.— 
Duclos  de  Boussois,  E.,  108.— May,  C,  106,  107.-Nasmyth,  J.,  106.— 
Norris,  R.  S.,  104,  105,  106,  107,  108.— Slate,  A.,  105.— Woodhouse,  H., 
104,  105,  107,  108. 
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Railway  Chairs,  Paper  on  the  bracket  chairs  for  suspending  double-headed 
rails  on  the  "West  Cornwall  Eailway,  by  J.  D.  SherifE,  1873,  252.— Rails 
cannot  be  turned  with  ordinary  chairs,  252.  — Bracket  chair  in  two  halves 
with  bolt  passing  through  rail,  253. — Railways  using  the  bracket  chair, 
253. — Duration  of  chairs,  253. — Bracket  chairs  considerably  lighter  and 
cheaper  than  ordinary  chairs,  254. 

D\scuu\on—k.m.o?,,  C.  E.,  255,  256,  257.  — Halpin,  D.,  256,  258.— 
Newton,  W.  E.,  255.— Siemens,  C.  W.,  255,  256,  258.— Walker,  C.  C,  256, 
257. 

Railway  Chairs,  burst  by  expansion  of  wood  keys  when  wet,  1873,  255. 

Railway  Chairs  and  Switches,  Paper  on  improved  railway  chairs  and 
switches,  by  W.  Baines,  1849,  Jan.,  21. — Joint  chair  prevents  joints 
rising  and  rails  driving  forwards,  21. — Rail  fixed  by  dowel-pin  through 
notch  cut  in  end,  21. — Stiffness  of  joint  causes  one  rail  end  to  support  the 
other,  23.— Intermediate  chair  fixes  rail  without  use  of  key  by  gripping 
between  oblique  jaws,  23. — Switch  with  tongue  deeper  than  main  rail,  and 
flange  entire  at  bottom,  24. — Improved  lever-box  and  rod,  24. 
Discussion. — Hodge,  P.  R.,  25. — McConnell,  J.  E.,  25. 
Adjourned  Discussio/i,  1849,  Apl. — Baines,  W.,  4,  5,  6,  7. — McConnell, 
J.  E.,  6.— Stephenson,  R.,  5,  6,  7.— Woodhouse,  H.,  6. 

Railway  Coupling.  See  Buffer,  1856,  173.— Safety  Wagon  Coupling,  1860, 
277. 

Railway  Crossing,  Paper  on  an  improved  construction  of  crossing,  by 
H.  Woodhouse,  1856,  35. — Wear  of  wing  rails,  35, — Description  of 
improved  crossing,  35. — Advantage  in  turning  worn  rails,  36. 

Discussion. — Fairbairn,  W.,  36,  37. — Lloyd,  Sampson,  36. — ^Woodhouse, 
H.,  36,  37. 

Railway  Crossing.  See  also  Axlebox  and  Crossing,  1852,  213. — Railway 
Signal,  1873,  31. 

Railway  Economy,  Paper  on  the  economy  of  railway  transit,  by  J.  Samuel, 
1849,  Oct.,  4. — Locomotives  generally  much  too  heavy  for  number  of 
passengers  conveyed,  4. — Average  results  of  working  on  Eastern  Counties 
line,  4. — Small  combined  engine  and  carriage  for  light  branch  traffic,  5. — 
Small  consumption  of  coke,  6. — Light  steam  carriage  best  adapted  for 
larger  portion  of  branch  traffic,  6.— Small  weight  on  wheels  reduces 
permanent- way  repairs,  7. — With  heavy  engines,  impracticable  to  maintain 
road  in  required  condition,  8. 

Discussion. — Adams,  W.  A.,  10. — McConnell,  J.  E.,  9,  11. — Samuel,  J., 
8,  10,  11,  13.— Slate,  A.,  11.— Stephenson,  R.,  8,  11,  13. 

Railway,  Lickey  Incline,  working  of,  1863,  111. 

Railway,  Permanent  Way,  Paper  on  the  construction  of  permanent  way,  by 
J.  W.  Hoby,  1849,  Apl.,  21. — Rapid  deterioration  of  permanent  way  from 
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increased  weight  of  locomotives,  21. — Expensive  first  construction  may  be 
cheapest  from  costing  little  in  maintenance,  21. — Eequired  conditions  of 
stability  and  efficiency,  22. — Comparison  of  bearing  surface  on  ballast  in 
different  constructions  of  railway,  22.— Bearing  surface  of  rails,  24.— 
Cross  ties  and  side  stiffness,  25.— Stone  blocks  and  wood  sleepers,  25. — 
Longitudinal  bearers  and  cross  sleepers,  27. — Form  and  size  of  rails,  27. — 
Rapid  deterioration  of  rails  from  heavy  weight  on  small  surface,  28. — 
Preservation  of  timber  from  decay,  29.  —  Wood  and  iron  keys  for 
chairs,  30. 

Discussion.— KcCouneU,  J.  E.,  31.— Stephenson,  E.,  30, 31.— Woodhouse, 
H.,  31. 
Railway  Safety  Buffer.  See  Buffer,  1848,  Apl.,  15. 
Railway  Safety  Wagon  Coupling,  Pape7'  on  a  new  safety  coupling  for 
railway  wagons,  by  C.  Markham,  1860,  277. — Danger  of  ordinary  mode 
of  shunting,  277. — Description  of  safety  coupling,  278. — Lifting  lever, 
278. — General  advantages,  279. — Experiments  on  efficiency  of  coupling, 
280. — Table  of  projection  of  buffers  beyond  drawhooks  on  various  railways, 
281. — Comparative  cost  of  ordinary  and  safety  coupling,  281. 

2)isc?/ssiora.— Markham,  C,  282.— Maudslay,  H.,  282,  283.— Wright,  J., 
282. 
Railway  Signal,  Pajjer  on  a  new  railway  train  signal,  by  E .  J.  Payne,  1854, 
49. — Various  plans  tried,  50. — Description  of  new  signal,  51. — Mode  of 
action,  52. — Coupling  between  carriages,  53. 

Biscussmi— Bird,  A.,  54,  55,  56.— Clift,  J.  E.,  56.— Jobson,  R.,  56.— 
Maher,  M.,  55.— Mathews,  W.,  56.— Slate,  A.,  54,  55,  57.— Woodhouse,  H., 
55. 
Railway  Signal,  Paper  on  improved  apparatus  for  working  and  interlocking 
railway  signals  and  points,  by  W.  Baines,  1873,  31.— Object  of  interlocking, 
31. — General  arrangement  for  a  junction,  31. — Interlocking  arrangement, 
32. — Principle  of  locking  the  detents,  34. — Description  of  apparatus,  35. — 
No  strain  on  locking  gear,  36. — Illustration  of  a  complicated  junction,  36. — 
Rockers  easily  removed  and  replaced,  37. — Changes  of  length  in  connecting 
wires,  usual  adjustment  imperfect,  38.  —  Self-acting  compensating 
apparatus,  39. 

i>JscMssiow.— Baines,  W.,  40,  41,  42,  43.— Cowper,  E.  A.,  41,  42,  43.— 
Ramsbottom,  J.,  41.  — Siemens,  C.  W.,  42,  43.  — Tweddell,  R.  H.,  42.— 
Webb,  F.  W.,  41. 
Railway  Springs.    See  Springs. 

Railway  Station  Roof,  Birmingham.    See  Roof,  1854,  79. 
Railway  Switch,  Paper  on  an  improved  railway  switch,  by  J.  A.  Haswell, 
1858,  171.  — Defects  of  ordinary  sliding  switches,  171.  — Description  of 


R.  159 

Railway  Switch  (continued). 

improved  switch,  171. — No  oil  required,  172. — Safety  and  convenience, 
172. 

Discussion. — Bouch,  W.,  174.  —  Bourne,  J.,  173,  174.  —  Cowper,  E.  A., 
174.— Haswell,  J.  A.,  173,  174.— Tomlinson,  J.,  175.— "\t\Tiitworth,  J.,  174, 
175. 

Eailway  Switch.  See  Axlebox  and  Crossing,  1852,  213. — Railway  Chairs 
and  Switches,  1849.  Jan.,  21. — Eailway  Crossing,  1856,  85. — Railway 
Signal,  1873,  31. 

Railway  Tbaix  Signal.    See  Signal,  1854,  49. 

Railway  Wagons,  Pajjer  on  improvements  in  the  construction  of  railway 
wagons,  by  H.  H.  Henson,  1851,  July,  3.  —  Importance  of  uniformity 
throughout  railway  system,  4. — Original  goods  wagon,  4. — Crib-rails.  5. — 
Improved  open  goods  wagon,  5. —  Tarpaulings,  6. — New  covered  goods 
wagon,  7. —  Protection  from  fire,  10.  —  Danger  of  rotten  floors,  12. — 
Construction  of  roof,  13. — Sliding  roof  and  doors.  14. — Modifications  of 
covered  wagon,  15. — Saving  in  dead  weight  and  in  cost  of  maintenance, 
&c.,  16. 

Discussion. — Adams,  W.  A..  19. —  Cowper,  E.  A.,  19. — Henson,  H.  H., 
17,  18.— McConnell,  J.  E.,  19,  20.— Slate,  A.,  17, 18, 19.— Smith,  W.,  18,  19. 

Railway  Wagons,  Paper  on  improvements  in  the  construction  and  materials 
of  railway  wagons,  by  W.  A.  Adams,  1852,  20t5.  —  Wagons  with  wood 
frames  most  durable,  206.  —  Description  of  improved  wagon  with  iron 
frame.  207.  —  Construction  of  ordinary  wood-framed  wagon,  209.  — 
Advantages  of  iron  frame,  210. 

Discnssion.—Xdsms,  W.  A.,  211,  212.— Jones,  E.,  211.— McConnell, 
J.  E.,  210.— Slate,  A.,  212.— Stephenson,  R.,  211,  212.— Wright,  H.,  211, 
212. 

Railway  Wagon  Cocpling.    See  Eailway  Safety  Wagon  Coupling.  1860,  277. 

Railway  Wheel  Tyres.    See  Steel  Tyres,  1848,  Apl..  21.— 1866,  186. 

Rake,  A.  S.,  elected  Member,  1862,  314.— Decease,  1872.  2.— Memoir,  21. 

Ramage,  R.,  elected  Member,  1864,  121. 

Ramsbottom,  J.,  Original  Member.  1847. — Council,  1849,  Jan.,  9.-1852,  8. — 
Vice-President,  1854,  5.— Council.  1855,  5.-1856.  6.— Vice-President, 
1857, 11.— 1858, 12.— 1859, 13.— 1861,13.— 1862, 19.— 1863,14.— 1864, 
18.-1865,  19.-1866,  16.— 1867,  17.-1868,  19.-1869.  12.— President, 
1870,  18.— 1871,  20. 
Axles,  error  in  proportion  shown  by  breakage,  1850,  Oct.,  13. — Mode  of 
finding  strain  on  each  part  of  axle,  14. — Axles  should  be  more  tapered  in 
middle,  14. 
Boilers,  several  separate  small  water  spaces  necessary  for  high-pressm-e 
boilers,  1871,  253. — Root's  boiler  appears  likely  to  succeed,  254. 
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Boiler  Lining,  considerable  economy  due  to  boiler  plates  being  kept  clean, 
1871,  62. — Sulphate  of  lime  more  troublesome  deposit  than  carbonate,  63. 
Coimter-pressure  Steam  Break,  non-working  of  injectors  when  running 
reversed  due  to  air  pumped  into  boiler,  1870,  51. — Impure  water  liable 
to  injure  cylinder,  52.— Counter-pressure  applicable  to  steep  inclines,  52. — 
Necessity  for  balanced  valves  and  screw  reversing-gear,  53. — Excess  over 
boiler  pressure  due  to  momentum  of  steam,  53. 
Crane,  Coking,  Paper  on  an  improved  coking  crane  for  supplying  locomotive 

engines,  1853,  122. 
Crane,  Traversing,   Paper  on  the  improved  traversing  cranes  at  Crewe 
Locomotive  Works,  1864,  4i.— Importance  of  properly  balancing  the 
pulleys,  55. — Saving  from  use  of  cranes,  56. — Success  of  cotton  cord,  56. — 
Experiments  on  friction  of  crab,  57. 
Engine  Counter,  construction  of  counter  proposed  for  locomotive,  1849, 

Jan.,  15. 
Flow  of  Solids,  blows  not  heavy  enough  to  penetrate  to  centre  of  mass  in 
ordinary  forging,  1867,  144. — Importance  of  a  graduated  succession  of 
dies  for  stamping,  144, 
Hammer,  Steam,  Horizontal  Duplex,  Paper  on  a  thirty-ton  horizontal  duplex 
hammer,  1867, 218. — Importance  of  heavy  hammers,  227.— Rapid  working 
of  horizontal  hammer,  228. 
Locomotive  Boiler,  Paper  on  an  improved  locomotive  boiler,  1849,  July,  3. 
Locomotive,  Distribution  of  Weight,  no  advantage  in  compensating  lever 

except  on  uneven  road,  1864,  118. 
Locomotive   Water    Supply,   Paper  on   a    method  of  supplying  water  to 
locomotive  tenders  whilst  running,  1861,  43.  — Lowering  scoop  into 
trough,  51. 
Marine  Engines,  advantages  from  high  pressure  and  early  cut-ofE,  1872, 

179. — Trial  trips  not  of  much  value  for  results  of  working,  180. 
Piston,  Paper  on  an  improved  piston  for  steam  engines,  1854,  70. — Economy 

in  consumption  of  fuel,  73.— Lightness  of  piston,  73. 
Piston  Packing,  Paper  on  the  construction  of  packing  rings  for  pistons, 

1855,  206. 
Pressure  Gauges,  advantages  of  volute  spring,  1871,  291. — Rack  and  pinion 

better  mode  of  actuating  index  than  spiral  groove  and  pin,  292. 
Railway  Axles,  axle  broken  crystalline  at  journal  but  fibrous  within  wheel, 

1849,  Oct.,  24. 
Rifles,  Breech-Loading,  Martini  rifle  has  many  mechanical  defects,  1871, 

295. — Soper  rifle  decidedly  advantageous,  296. 
Rolling  Mill,  Reversing,  Paper  on  an  improved  reversing  rolling  mill,  1866, 
115. — Humouring  the  plates,  121.— Levers  for  entering  slabs  into  rolls. 
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121. — Hydraulic  tightening-down  gear,  122, — Direct-working  engine  more 
economical  than  one  with  flywheel,  123. — Steel  not  injured  by  rolling 
both  ways,  125. — No  trouble  from  tightening-down  screws  being  geared 
together,  127. 

Safety  Buffer,  ordinary  buffers  act  in  succession  through  long  total  space  in 
arresting  motion  of  train,  18_48,  Apl.,  20. 

Safety  Escape  Pipe,  Paper  on  a  safety  escape  pipe  for  steam  boilers,  1857, 179. 
•  Safety  Valve,  Paper  on  an  improved  safety  valve,  1856,  37. 

Slide  Valve,  Balanced,  pressure  on  valve  faces  when  running  without  steam, 
1871,  46.— Double-port  valve  not  applicable  to  locomotives,  46. 

Steam  Engine,  outside-cylinder  locomotives  greater  priming  than  inside- 
cylinder,  because  of  condensation,  1855,  205. 

Steel  Tyres,  Manufacture  of,  Paper  on  an  improved  mode  of  manufacture  of 
steel  tyres,  1866,  186. — Securing  tyre  to  wheel,  195. — Success  of  tyres 
under  severe  tests,  195. — Uniformity  of  Bessemer  steel,  197. — Importance 
of  toughness  in  boiler  and  other  plates,  197. 

Surface  Condensers,  pitting  of  boilers  using  very  pure  peat  water,  1863, 
156. 

Ventilating  Fan,  Paper  on  the  mechanical  ventilation  of  the  Liverpool 
passenger  tunnel  on  the  London  and  North  Western  Railway,  1871,  22. — 
Desirable  to  get  natural  ventilation  when  fan  not  working,  30. — Vibration 
and  noise  if  fan  runs  too  close  to  casing,  34. 

Ventilating  Fan,  Supplementary  Paper  on  the  mechanical  ventilation  of  the 
Liverpool  passenger  tunnel  on  the  London  and  North  Western  Railway, 
1871,  66. — Small  discharge  round  concentric  portion  of  fan  case,  68. — 
Comparison  with  Guibal  fan,  69. — Case  should  be  spiral  for  a  certain 
portion  of  circumference,  70. — Radial  blades  better  than  curved  backwards, 
72. — Motion  of  trains  does  not  much  assist  ventilation,  74. 
Ramsden,  Sir  J.,  elected  Member,  1866,  265. 

Randolph,  C,  Compressed- Air  Engine,  Paper  on  a  compressed-air  engine  at 
Govan  Colliery,  1856,  145. — Temperature  of  air  in  main  column,  148. — 
Successful  working  of  compressing  engine,  148. 
Rankine,  W.  J.  M.,  elected  Member,  1872,  75.— Decease,  1873,  2.— Memoir, 
21. — Notice  by  President,  22. 

Boiler,  failure  of  firebox  with  flat  top,  1856,  238. 

Evaporating  Power  of  Tubes,  experiments  showing  copper  to  be  slightly 
superior  to  iron,  1857,  122. 

Feed-Pipe  Connexion,  durability  of  india-rubber  at  very  high  temperature, 
if  not  disturbed,  1857,  102. 

Water  Meter,  reaction  meters  more  accm-ate  than  piston  meters,  1856, 245. — 
Wheelwork  should  be  protected  from  water,  245. 

ir 
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Eansome,  a.,  Jun.,  elected  Member,  1860,  90. 
Eansome,  E.  C,  elected  Member,  1869,  120. 
Eansome,  E.  J.,  elected  Member,  1862,  20. 
Eapieb,  E.  C,  elected  Member,  1873,  88. 
Eatclifp,  C,  elected  Honorary  Member,  1861,  14. 
Eatclipf,  D.  E.,  elected  Member,  1867,  18. 
Eatcliff,  J.  F,,  elected  Graduate,  1873,  25. 
Eatliffe,  G,,  elected  Member,  1867,  18. 
Eavenhill,  J.  E.,  elected  Member,  1862,  93. 
Eawlins,  J.,  elected  Member,  1872,  26. 

Eeciprocating  Engine,  Paper  on  a  new  reciprocating  steam  engine,  by  J.  A. 
Shipton,  1850,  July,  26.— Improvements  intended  in  new  engine,  27.—" 
Analogy  to  piston  and  crank  engine,  28.— Description  of  engine,  29. — 
Steam  valve,  31. 

Discj/mow.  —  Cowper,  C,  34.  —  Davies,  I.,  35.— McConnell,  J.  B.,  32, 
35.— Eobinson,  H.,  33,  34,  35.— Shipton,  J.  A.,  32,  33,  34.— Simpson,  J., 
32,  34.— Slate,  A.,  33,  34.— Smith,  W.,  33,  34. 
Eeed,  E.  J.,  elected  Member,  1870,  61. 

Iron  Armour  for  Ships,  wooden  ships  can  be  plated  and  made  serviceable, 
1862,  310. — Soft  iron  necessary  for  armour  plates,  310. 
Reeves,  C,  elected  Member,  1856,  250. 

Eegenerative  Condenser,  Paper  on  a  new  regenerative  condenser  for  high- 
pressure  and  low-pressure  steam  engines,  by  C.  W.  Siemens,  1851,  July, 
20. — Elastic  force  of  steam  at  various  temperatures,  21 . — Description  of 
regenerative  condenser,  21. — Action,  22. — Condensing  water  heated  to 
nearly  boiling  point,  23. — Little  condensing  water  used,  24. — Advantages 
for  high-pressure  engines,  24.  —  Application  to  locomotives,  27. — 
Application  to  low-pressure  engines,  28.  —  History  of  condenser,  29. — 
Thickness  of  copper  plate  scarcely  affects  conduction  of  heat,  32. — 
Injection  condenser,  33.  —  Eegenerative  engine,  34.  —  Table  of  pressure 
of  water  vapour  at  various  temperatures,  34. 

Biscimion.—Covf^ev,  E.  A.,  36.— McConnell,  J.  E.,  35,  36.— Siemens, 
C.  W.,  35,  36.— Slate,  A.,  35.— Wright,  H.,  35. 
Eegenerative  Furnace,  Paper  on  a  new  construction  of  furnace,  particularly 
applicable  where  intense  heat  is  required,  by  C.  W.  Siemens,  1857, 103.— 
Great  waste  of  heat  in  ordinary  furnaces,  &c.,  103.  —  Description  of 
regenerative  furnace,  104.  —  Large  saving  in  fuel,  104.  —  Intense  heat 
obtained,  105.— Application  to  steel  melting,  105. — Puddling  furnace,  106. 
Discussion.  — Mk\n&on,  C,  106,  107,  109.  — Cochrane,  C,  110.— 
Fenton,  J.,  108.— Forsyth,  T.,  109.— Maudslay,  H.,  109.— McConnell,  J.  E., 
107, 109.— Eamsbottom,  J.,  111.— Siemens,  C.W.,  107, 108, 109,  110,  111.— 
Whitworth,  J.,  108,  111. 
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Eegeneeative  Gas  Fuesace,  Paper  on  a  regenerative  gas  furnace,  as  applied 
to  glass  houses,  puddling,  heating,  &;c.,  bj'  C.  W.  Siemens,  1862,  21. — 
Great  heat  obtained  with  very  inferior  fuel,  21. — Principle  of  regenerator, 
21. — Early  forms  of  regenerative  furnace,  22. — Gas  producer,  26. — Action 
of  water  in  producer,  27. — Onward  pressure  to  furnace  caused  by  cooling 
of  gas  in  tube,  28. — Plate-glass  melting  furnace,  29. — AiTangement  of 
air  and  gas  flues,  30.  —  Circular  flint-glass  furnace,  31.  —  Nature  of  gas 
from  producer,  31. — Puddling  furnace,  32. —  Steel-melting  furnace,  34. — 
Further  applications,  34. 

Z>tscwmo7i.— Blackwell,  S.  H.,  42, 43.— Brown,  B.  L.,  42,— Chance,  J.  T., 
36,  44.— Cowper,  E.  A.,  44.— Fenton,  J.,  38,  40,  42,  44,  45.— Haden,  W., 
40.  — Lloyd,  G.,  38.— Mathews,  W.,  41,  42.—  Plum,  T.  W.,  41.— Siemens, 
C.  W.,  35,  40,  41,  42,  43,  44.— Thomson,  G.,  43. 

Regenebative  Hot-Blast  Stoves.  See  Hot- Blast  Stoves,  1860,  54.— 1870, 
62,  94. 

Reid,  J.,  Jun.,  Preservation  of  Timber,  Paper  on  Boucherie's  process  for  the 
preservation  of  timber,  1856,  196. — Durability  of  railway  sleepers,  200. — 
Cost  of  sleepers,  201. 

Eenxie,  G.,  elected  Member,  1857,  202. 

Eensie,  G.  B.,  elected  Member,  1859,  54. 

Report  op  Council,  Annual.    See  Council,  Report  of. 

Retoets,  Gas.     See  Gas  Retorts,  1852,  178. 

Reversing  Rolling  Mill.    See  Rolling  Mill,  Reversing,  1866,  115. 

Reynolds,  E.,  elected  Member,  1862,  47. 

Allen  Engine,  calculation  of  effect  of  inertia  of  reciprocating  parts,  1868, 

69. — Inefficiency  of  counterbalance  weight  on  locomotive  wheels,  70. — 

Duplex  locomotive,  70. — Very  successful  working  of  Allen  engine,  71. — 

Efficiency  of  Porter  governor,  72. — Expansion  of  steam  in  Allen  engine,  73. 

Blast  Furnaces,  charging  with  movable  bucket,  1864,  174. 

Ships,  Iron,  mode  of  building  up  large  welded  girders,  1863,  145. 

Reynolds,  F.  C,  elected  Member,  1866,  18. — Decease,  1869,  2. — Memoir,  17. 

Rhodes,  J.,  elected  Member,  1851,  Jan.,  8. 

Richards,  E.,  elected  Member,  1863,  113. 

Richards,  E.  W.,  elected  Member,  1866,  265. 

Richards,  Job,  elected  Member,  1865,  54. 

Richards,  Josiah,  elected  Member,  1856,  250. 

Richaeds,  T.  (Birmingham),  Telescope,  Equatorial,  Paper  on  an  equatorial 
motion  for  telescopes,  1855, 137. 

Richaeds,  T.  (Worcester),  Original  Member,  1847. 

India-rubber  Pipe  Joints,  used  successfully  for  gas  mains  at  Worcester, 
1848,  Oct.,  22. — Less  cost  and  better  for  repairs  than  old  joints,  22. — 
Joints  resist  frost  and  action  of  gaseous  matter,  23. 
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Richardson,  E.,  Hon.,  elected  Member,  1863,  15. 

RiCHAEDSON,  J.  (Gloucester),  elected  Member,  1865,  54. 

Richardson,  J.  (Lincoln),  elected  Member,  1873,  46. 

Engines,  Portable,  for  Mining,  Paper  on  the  application  of  portable  engines 
for  mining  purposes,  1873,  167. — Consumption  of  coal  in  portable 
engines,  175. — Greater  evaporative  efficiency  of  multitubular  boilers 
than  Cornish,  175. — Firing  of  multitubular  boilers,  176. — Saving  of  coal 
in  portable  engines,  177. — Loss  in  Cornish  engines  from  inertia  of  moving 
parts,  192. — Doubtful  whether  condensing  engines  are  best,  193. — Duty  of 
portable  and  of  Cornish  engines,  193. 

Richardson,  R.,  elected  Member,  1862,  314. 

Richardson,  T.,  elected  Member,  1858,  266. 

Richardson,  W.,  elected  Member,  1859,  248. 

Boiler  Construction,   firebrick  arch  to  protect  plates  in  cylindrical  boilers, 

1859,  227. — Adamson's  flanged  seam  for  internal  flues  very  good,  227. 
Boiler  Explosions,  failure  of  bottom  plates  from  sudden  cooling  by  feed- 
water,  1866,  171. — Purifying  foul  water  for  boilers  at  Oldham,  1870, 
214. — Long  feed-pipe  inside  boiler   to  prevent  fracture  of  plates  from 
contact  with  cold  water,  216. 

Brick  Machinery,  wear  of  moulds  much  reduced  in  dry-clay  brick-making 
machine,  1859,  49. — Mould  consists  of  movable  case-hardened  wrought- 
iron  plates,  49. — Clay  used  is  not  absolutely  dry,  50. 

Iron  Works,  long  boilers  made  with  punched  holes  liable  to  crack,  1863, 
237. — Plates  burnt  with  very  thin  deposit,  239. 

Magnetic  Water  Gauge,  description  of  a  magnetic  gauge  with  radial  index, 

1860,  86. 

Richmond,  J.,  Engine  Counter,  Paper  on  an  improved  engine  counter,  1849, 
Jan.,  14. — Counter  working  successfully  at  Chelsea  Water  Works,  15. — 
Tried  at  very  great  speed,  16. 

RiCKABY,  A.  A,,  elected  Member,  1873,  88. 

RiDEAL,  S.,  elected  Member,  1865,  20. 

Rifles,  Breech-Loading,  Paper  on  the  principal  constructions  of  breech- 
loading  mechanism  for  small  arms,  and  their  relative  mechanical 
advantages,  by  W.  P.  Marshall,  1871,  92. — Objects  to  be  effected  in  breech- 
loading  mechanism,  92. — Prussian  needle-gun  first  breech-loader  regularly 
used,  92.  —  Breech-loading  rifles  not  more  wasteful  of  ammunition  than 
muzzle-loaders,  93. — Action  of  Prussian  needle-gun,  94. — Spitting  of  gas 
from  joint  of  breech-block,  95. — Chassepot  rifle,  96. — Berdan  gun,  97. — 
Breech-loading  sporting  gun,  97. — Snider  breech-action,  98. — Albini- 
Braendlin,  99.— Remington,  100.— Werndl,  101.— Sharps,  102.— Henry, 
102.— Soper,  103.— Martini-Henry,  104.  — Henry  barrel,  105.— Martini 
breech-action,  105. — Peabody,  105. — Advantages  of  falling  hinged  block, 
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KiFLES,  Breech-Loading  (continned). 

106.— Defects  of  Martini  lock  action,  107.— Heavy  pressure  of  spiral 
spring,  107. —  Double  catch  to  ease  pull-off,  108.  —  Westley  Richards 
breech-action,  109.— Pressure  of  spring,  110. — Advantages  over  Martini 
action,  111. 

Dismssion.—Bivd,   R.,   lU.— Greenwood,  T.,  115.— Ramsbottom,  J., 
115.— Soper,  W.,  113,  115. 

Adjourned  Discussion.— 'S.envy,  A,,  293.— Ramsbottom,  J.,  291,  295. — 
Soper,  W.,  293,  294. 
Rifled  Gun  Manufactitee,  Paper  on  the  application  of  the  copying  principle 
in  the  manufacture  and  rifling  of  guns,  by  J.  Anderson,  1862,  125. — 
Difficulty  in  producing  accurate  forms  in  lathe,  125. — Accuracy  really 
cheaper  in  the  end,  126.— Building  up  Annstrong  guns,  128. — Use  of 
vernier  for  measuring,  129. — Almost  impossible  to  bore  tubes  correctlj', 
129. — Turning  tube  to  fit  inside  bore  of  outer  tube,  130.— Boring  of 
finished  gun,  132.— Rifling,  135. — Rifling  machine,  137.— Drilling  holes 
for  sights  &;o.,  I-IO. 

Discussion. — Anderson,  J.,  141,  142,  143,  144.— Armstrong,  Sir  W.  G., 
143,  145.— Bovill,  G.  H.,    144.— Cowper,  E.  A.,  142,  145.— Fletcher,  J., 
143.— Richardson,  W.,  145. 
RiGBY,  P.,  Polished  Sheet  Glass,  first  side  of  sheet  requires  longer  polishing 

than  second  side,  1863,  277. 
RiGBY,  S.,  elected  Member,  1863,  246. 
RiGG,  A.,  elected  Honorary  Member,  1863,  247. 
RiGG,  J.,  elected  Member,  1871,  65. 

Riley,  E.,  Puddling,  Mechanical,  tap-cinder  lining  for  puddling  vessels,  1867, 
164. — Mechanical  rabble  not  successful,  171. 
Strength  of  Steel,  a  small  quantity  of  carbon  is  essential  in  all  wrought-iron, 

1861,  169.— Fused  wrought-iron  is  "  red-short,"  169. 
Tubbing,  Cast-Iron,  protection  of  pipes  by  coating  of  carbon,  1861,  207. 
Riveted  Joints,  Paper  on  the  strength  and  proportions  of  riveted  joints,  with 
the  results  of  some  recent  experiments,  by  W.  R.  Browne,  1872,  53. — 
Single-riveted  lap-joints,  55. — Proportioning  of  rivets,  and  experiments 
on  resistance  to  different  strains,  55. — Double-riveted  lap-joints,  62. — 
Punched  and  drilled  holes,  64. —  Single-riveted  butt-joints,  64. — Double- 
riveted  butt-joints,  67. — Conclusions  from  above  investigations,  68. — 
Diagonal- jointed  boiler,  70.  —  Thickened-edge  plates,  71.  —  Table  of 
experiments,  72. 

i)wc?wsio«.— Browne,  W.  R.,  91,  95.— Cochrane,  J.,  79,  81.— Fletcher, 
H.  A.,  91.— Kirtley,  W.,  83.— Marten,  E.  B.,  89.— Olrick,  L.,  84,  95.— 
Perks,  J.  H.,  83.— Robinson,  J.,  78,  81,  82.— Siemens,  C.  W.,  83,  96.— 
Wright,  J.  G.,  77,  78,  84,  90. 
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EiVETED  Joints,  Tables  of  Experiments,  1872,  72,  73,  78,  80. 

RiVETEE,  Hydraulic.     See  Hydraulic  Machinery,  1872, 196. 

Riveter,  Portable  Hydraulic.    See  Hydraulic  Machinery,  1872, 199. 

Riveter,  Portable  Steam,  Paper  on  a  portable  steam  riveter,  by  A.  "Wyllie, 
1865,  129. — Great  length  of  ordinary  steam  hammer,  129. — Construction 
of  riveter,  130. — Proportioning  size  of  cylinder  &c.,  131. — Slide-valve, 
132.  — Locking  form  of  machine,  134.  — Spring  dolly,  135.  — Coupled 
riveter,  137. 

Z>isc«sswi.— Cochrane,  C,  139.—  Fernie,  J.,  140.— Gray,  J.  McF.,  187, 

138,  139,  141,  143,  144,  145.— Murphy,  J.,  139,  143,  144.— Napier,  R.,  138, 

139,  143,  145.— Naylor,  W.,  140.— Ramsbottom,  J.,  139.— Whitley,  J.,  144.— 
Wyllie,  A.,  137. 

Riveter,  Steam,  Paper  on  an  improved  steam  riveting,  punching,  and  shearing 
machine,  by  R.  Harvey,  1856,  134.— Description  of  machine,  134.— 
Steam  valve,  135.— Punching,  135.— Mode  of  suspending  boiler  work, 
136. 

Z>isc?issio«.— Fairbairn,  W.,  137, 138.— Fothergill,  B.,  138.— Harvey,  R., 
136,  137,  138.— Ramsbottom,  J.,  138.— Whitworth,  J.,  136,  139. 

Rivet-Making  Machine,  Paper  on  a  rivet-making  machine,  by  C.  De  Bergue, 
1861,  212.— Description  of  machine,  212. — Crushing  piece,  213.— Action 
of  header  to  suit  continuous  motion  of  die,  213. — Shears  for  cutting 
blanks,  214.— Speed  of  working,  214.— Heating  furnace,  215. 

i>isc?mio?i.— Cowper,  E.  A.,  217,  218.— Jones,  E.,  218.— Joy,  D,,  215, 
216,  217,  218,  219.— Lloyd,  Sampson,  215,  217,  218,  219. 

Road  Roller,  Steam,  Paper  on  the  steam  road  roller  used  in  Paris,  by 
E.  Gellerat,  1869,  101.— Description  of  roller,  102.— Rollers  inclined  for 
steering,  103.  —Driving  chains,  104.— Rate  and  cost  of  working,  105. — 
Particulars  of  rolling,  106. — Relative  cost  of  steam  and  horse  rolling 
108. — Work  done  by  rollers,  108. 

Z>wcwssio?^— Aveling,  T.,  Ill,  116,  117.— Batho,  W.  F.,  112.— Cowper, 
E.  A.,  113,  115,  117.— Heaton,  R.,  110,  112,  115,  117.— Manning,  J.,  114.— 
Penn,  J.,  110,  113,  116,  118.— Rolason,  W.,  115.— Smith,  B.,  113. 

Road  Roller,  Steam,  Paper  on  a  steam  road  roller,  by  W.  F.  Batho  and  T, 
Aveliug,  1870,  109. — Original  roller  in  Calcutta ;  saving  of  cost  compai-ed 
with  bullock-rollers,  109. — Description  of  roller,  110.— Cost  of  working 
15-ton  roller,  112. — Work  done  by  rollers,  112. — Improved  form  of  roller, 
113. — Advantages  of  rolling  roads,  115. — Steam-rolling  much  better  than 
horse-rolling,  116. — Spiked  rollers  for  picking  up  surface  of  road,  116. — 
Process  of  repairing  a  road,  117. 

Z>isc?/ss?o».— Baldwin,  J.,  118.— Batho,  W.  F.,  118,  122.— Paget,  F.  A., 
119.— Ramsbottom,  J.,  123.— Robinson,  J.,  121.— Sadler,  J.,  123.— Walker, 
T.,  123.— Yates,  E.,  121. 
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KOAD  RoLLEE,  Steam  (continued). 

Adjourned   Biscussion. —  Aveling,  T.,    170,  176,  177.— Chapman,  H., 
175,  176.— Hawksley,  T.,  175,  176, 178.— Leigh,  E.,  177.— Paget,  F.  A.,  174. 
Roberts,  J.,  elected  Member,  1848,  Apl.,  24. 
Roberts,  R.,  Safety  Escape  Pipe,  objectionable  to  place  fusible  plugs  in  tubes, 

1857,  181. 
Robertson,  A.  J.,  Centrifugal  Pump,  Paper  on  the  mathematical  principles 
involved  in  the  centrifugal  pump,  1852,  99. 
Centrifugal  Pump,  Supplevientary  Paper  on  the  mathematical  principles 

involved  in  the  centrifugal  pump,  1852,  153. 
Centrifugal  Pump,  Supplementary  Paper  on  the  mathematical  principles 

involved  In  the  centrifugal  pump,  1853,  165. 
Pile  Driver,  Paper  on  the  theoiy  of  pile  driving,  with  description  of  an 
improved  steam  pile-driving  machine,  1857,  12. — Cost  of  pile  driver,  24. 
Robertson,  G.,  elected  Member,  1873,  46. 
Robertson,  H.,  elected  Member,  1848,  Apl.,  24. 

Robertson,   J.    (Ardrossan),    Frictional  Gearing,    Paper  on  grooved-surface 
frictional  gearing,  1856,   202. — Particulars   of  application,  209. — Speed 
of  running,  210. — Slip  in  wheels,  211. 
Robertson,  J.  (London),  elected  Associate,  1867, 19. 
ROBEY,  R.,  elected  Member,  1865,  218. 
Robey,  R.,  Jun.,  elected  Member,  1873,  250. 
Robinson,  H.,  Original  Member,  1847. 

Rotary  Engine,  successful  working  of  Dundonald's  rotary  engine  for  seven 

years  at  Portsmouth,  1848,  July,  5. 

Robinson,  J.  (Manchester),  elected  Member,  1859,  248. — Council,  1866,  16. — 

1869,  19.-Yice-President,  1870,  18.— 1871,  20.— Council,  1872,  25.— 

Vice-President,  1873,  24. 

Condenser,  Ejector,   condensation  probably  not  only   in  portion  between 

nozzles,  1872,  272. — Desirable  to  have  further  experiments,  272. 
Injector,  Paper  on  GiflEard"s  injector  for  feeding  steam  boilers,  1860,  39. — 
Rise  of  temperature  of  water  in  passing  through  injector,  48. — No  choking 
of  jet  by  incrustation,  49, — Injector  will  not  start  at  once  when  cold,  50. 
Injector,   Supplementary   Paper  on   Giffard's  injector  for  feeding   steam 
boilers,    1860,     74. — Temperature   of    feed-water   does    not    rise    with 
increased  pressure  of  steam,  79. — No  air  drawn  in  at  overflow  pipe  when 
working,  80. 
Injector,  Self-adjusting,  Paper  on  Sellers'  self-adjusting  injector,  and  other 
improvements  on  Giffard's  injector,  1866,  266. — Delivery  of  water  much 
gi-eater  than  Giffard's  calculation,  274. — Larger  steam  cone  for  higher 
pressures,  274.  —  Sensitiveness  of    self-adjusting    arrangement,    276.  — 
Successful  application  to  mai'ine  boilers,  278. 
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EOBINSON,  J.  (continued). 

Locomotives,  Distribution  of  Weight,  Faper  on  the  distribution  of  weight 
on  the  axles  of  locomotives,  1864,  92. — EfEect  of  connecting  lever  when 
running  over  obstacles,  117. 
Eiveted  Joints,  some  Yorkshire  iron  as  strong  across  as  with  the  gi'ain,  1872, 
78. — Steel  boiler  plates  not  weakened  by  punching  if  annealed  afterwards, 
82, — Double-riveted  butt-joint  preferable  to  lap-joint,  82. — Desirable  to 
have  boiler  made  of  rolled  weldless  cylinders,  82. 
Shaping  Machine,  general  extension  of  machine  work,  1866,  281. — Saving  of 

time  by  use  of  shaping  machine,  284. 
Steam  Jet,  petticoat  blast-pipe  to  diminish  back  pressure  on  cylinders,  1872, 
116. — Same  arrangement  applied  to  Giffard's  injector,  116. — Steam  jet  for 
air  blast  of  cupolas,  116. — ^Valuable  for  ventilating  holds  of  ships,  117. 
Steam  Eoad  Eoller,   advantage  of  bearing   springs  for    heavily-weighted 
vehicles,  1870,  121. 
EOBINSON,  J.  (Eochdale),  elected  Member,  1865,  102. 

Dovetailing  Machine,  Paper  on  the  American  dovetailing  machine,  1868, 
81. — Adjusting  tightness  of  fit  of  dovetails,  86.  —  Fine  teeth  for  hard 
woods,  88. 
EOBINSON,  T.,  elected  Member,  1851,  Oct.,  28. 
EoBiNSON,  W.,  elected  Honorary  Member,  1852,  41. 
EOBSON,  J,,  elected  Member,  1858,  80. 

EOBSON,  N.,  Blast  Furnaces,  difference  in  dimensions  and  yield  between  Scotch 
and   Cleveland    furnaces,    1864,   258.  —  Charge    of    furnaces    working 
blackband  ironstone,  259. — Failure  of  taking  off  waste  gas  in  Scotland,  262, 
EOBSON,  T.,  elected  Member,  1866,  265, 
EOCHE,  D.  M.,  Original  Member,  1847.— Decease,  1858,  2. 
EocK-BOElNG  Machine.     See  Boring  Machine,  1865,  179. 
EoE,  T.,  Jun.,  elected  Associate,  1867,  60. 
EOFE,  H.,  elected  Member,  1852,  191. 
EOFE,  H.,  Jun.,  elected  Member,  1872,  76. 
EOGERS,  E.,  elected  Member,  1851,  July,  45, 

Coking,  Paper  on  the  manufacture  of  charcoal  and  coke,  1857,  25. — Ovens 
for  coking  semi-anthracite  coal,  very  expensive,  .35. — Yield  of  coke  from 
new  kilns,  36. — Heating  power  of  coke  dependent  on  texture,  39, — Cost  of 
coking  in  ovens  and  kilns,  39, 
Compressed- Air  Engine,  cooling  effect  of  exhaust  air,  1856,  148, 
Ventilating  Fan,  Nasmyth,  Paper  on  the  ventilating  fan  at  the  Abercarn 
collieries,  1856,  251. — Principles  of  various  mechanical  ventilators,  2G0. — 
Saving  of  fuel,  261. — Failure  of  steam-jet 'ventilators,  262, — Degree  of 
vacuum,  262. — Horizontal  fan  not  successful,  268, — Importance  of 
increasing  current  of  ventilation  on  occasion  of  explosion,  264. 
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KOGEES,  J.,  elected  Member,  1853,  45. 

EOGEES,  W.,  elected  Member,  1868,  43. 

EoLiNSOK,  J.,  Safety  Boiler  Apparatus,  Paper  on  an  improved  apparatus  for 
preventing  explosions  of  steam  boilers,  1853,  134. 

EOLLEES  FOR  Deawisg  Cottox,  constraction  of.  See  Cotton-Drawing  Eollers, 
1863,  59. 

EOLLEES,  Steam,  foe  Eoads.     See  Eoad  Eoller,  1869,  101.— 1870,  109. 

EOLLiKG-MiLL  Engines.     See  Dowlais  Ironworks  Engines,  1857, 112. 

EOLLING  Mill,  Eeyeesing,  Paper  on  an  improved  reversing  rolling  mill,  by 
J.  Eamsbottom,  1866,  115.— Description  of  rolling  mill  and  engines, 
115.— Clutch,  116.— Eapidity  of  reversing,  117.— Eolls,  117.— Tightening- 
down  gear,  118. — Levers  for  entering  slabs  into  rolls,  120. 

Discussion.— B&WtioniQ,  E.  T.,  124.— Bramwell,  F.  J.,  123.- Fairbairn, 
W.,  121,  126.— Fernie,  J.,  125.— Fothergill,  B.,  122.— Lloyd,  Sampson, 
122.— Maudslay,  H.,  122,  127.— Napier,  E.,  121,  123.— Perry,  W.,  126.— 
Eamsbottom,  J.,  120,  121,  122,  123,  125,  126,  127.— Sparrow,  W.  M., 
125.— WTiitworth,  J.,  120,  128.— Yule,  W.,  127. 

EOLLO,  D.,  elected  Member,  1871,  117. 

Surface  Condensers,  very  difficult  to  account  for  corrosive  action  of  distilled 
water,  1863,  158. — Steel  tubes  corrode  quite  as  quickly  as  iron  tubes, 
162. — Sm-face  condensers  do  not  cause  priming,  162. — Position  of  feed- 
pipeidoes  not  affect  corrosion,  165. 

EONAYNE,  J.  p.,  elected  Member,  1853,  8. 

EoNET,  C.  P.,  elected  Honorary  Member,  1848,  Apl.,  24. 

EOOF,  BlEMlNGHAM  STATION,  Paper  on  the  wrought-iron  roof  over  the  central 
railway  station  at  Birmingham,  by  E.  A.  Cowper,  1854,  79.— Special 
circumstances  of  site,  80.— Description  of  roof,  80.— Principals,  80. — 
Supports  for  principals,  81.— Purlins,  81.— Glazing,  82. 

D/«c«ssio7t.— Cowper,  E.  A.,  82,  83,  85,  86,  87.— Fairbairn,  W.,  83,  85, 
86,  87.— McConnell,  J.  E.,  84,  86,  87, 

EOOT'S  BoiLEE.    See  Boiler,  1871,  229. 

EOPE  Manufacture,  Paper  on  the  manufacture  of  hemp  and  wire  ropes,  by 
C.  P.  B.  Shelley,  1862, 170. — Different  substances  used  for  making  hemp 
ropes,  170.— Preparation  of  hemp  fibres,  171.— General  construction  of 
ropes,  172.— Three  classes  of  ropes,  173.— Heckling,  174.— Hand  spinning, 
175.— Sizes  of  yarn,  178.— "Winding,  178.— Forming,  179.— Laying,  ISO.— 
Cartwright's  "cordelier,"  182. — Huddart's  spinning  machine,  183. — 
Tarring.  184.  —  Eegistering  machine,  185. — Laying  machine,  186. — 
Comparative  strength  of  ropes,  187.— Wire-rope,  188.— Selvagee,  188.— 
Formed  rope,  190.— Flat  wire-ropes,  192.— Laid  rope,  193.— Machines  for^ 
making  laid  wire-ropes,  194. — Smith's  wire-rope  machine,  197. 
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KoPB  Manufacture  (continued). 

Discussion.— BramweU,  F.  J.,  202.— Cowper,  E.  A.,  204,  205,  208.— 
Fletcher,  J.,  203,  206.— Fothergill,  B.,  201,  202,  204.— Haggie,  P.,  203, 
205,  206,  207,  208.— Hawksley,  T.,  203,  205,  207,  208,  209.— Jenkin,  F., 
205.— Shelley,  C.  P.  B.,  200,  202,  207.— Smith,  A.,  201,  206,  207.— 
Suowdon,  T.,  206. 

Rose,  H.  F.,  elected  Member,  1867,  IS. 

EOSB,  T.  (Bilston),  elected  Member,  1867,  IS. 

KoSE,  T.  (Manchester),  elected  Member,  1866,  18. 

Rose,  W.  N.,  elected  Member,  1869,  276. 

Ross,  J.,  elected  Member,  1853,  8.— Decease,  1862,  3.— Memoir,  17. 

Decimal  Measure,  foot  should  be  abandoned,  and  dimensions  given  only  in 

inches,  1857,  229. 
Spring,  convex-plate  springs  very  light,  and  suitable  for  railway  springs, 

1857,  226. 
Tuyere,  Paper  on  an  improved  tuyere  for  smiths'  hearths,  1855,  30. 

Ross,  R.  C,  File-Cutting  Machine,  Pai)er  on  a  new  machine  for  cutting  and 
forging  files,  1856,  226. 

RoSTHORN,  J.  D.,  elected  Member,  1866,  18. 

Rotary  Engine,  Paper  on  the  fallacies  of  the  rotary  engine,  by  G.  Stephenson, 
1848,  July,  3. — Increased  leverage  given  by  crank  in  middle  of  stroke 
and  diminished  leverage  at  ends,  3. — Gain  of  power  equal  to  loss,  and  no 
power  lost  by  crank  motion,  3. — Weight  at  piston  balances  same  weight 
on  a  drum  at  crank  with  circumference  equal  to  piston  stroke,  3. — Rotary 
engine  can  only  give  out  same  power  through  equal  space,  4. 

i)isc?/ss?o».— Gibbons,  B.,  6.—  Miller,  J.,  4, 5.—  Onion,  4.  —  Robinson, 
H.,  5.— Slate,  A.,  4.— Stephenson,  G.,  4,  5,  6. 

Rotary  Water  Meter.    See  Water  Meter. 

RoUGHTON,  L.,  elected  Graduate,  1850,  Apl.,  30. 

Round-Oak  Ironworks.    See  Ironworks,  Round-Oak,  1860,  211. 

Rouse,  F.,  elected  Member,  1856,  79. 

Routledge,  W.,  elected  Member,  1857,  202. 

Safety  Escape  Pipe,  composition  of  fusible  plugs,  1857,  181. 

Rowan,  J.  M.,  elected  Member,  1848,  Apl.,  24. 

Rules  of  Institution,  Alteration,  1853,  7.— 1855,  5.— Title  of  Past- 
President,  1863,  14. — Age  for  admission  of  Graduates  and  Members, 
1866,  5.— Title  of  Associate,  5. — Communications  to  be  the  property  of 
the  Institution,  5.  —  Times  and  places  of  Meetings,  5.  —  Subscriptions, 
arrears,  property  of  Institution,  1869,  6. 
Spring  Meetings  to  be  held  in  London,  1873,  25.— Circular  for  opinions  of 
Members,  30. — Notice  for  alterations  of  rules,  30. 
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Rules  of  Institution  (continued). 

Discussion. — Adamson,  D.,  28. — Alliott,  J.  B.,  27. — Bagshawe,  J.  J., 
28.— Cai-butt,  E.  H.,  27.— Cowper,  E.  A.,  26,  28.— Field,  E.,  25.— Head,  J., 
26,  27.— Hulse,  W.  W.,  26, 27.— Kershaw,  J.,  27.— May,  W.,  28.— Olrick,  L., 
29.— Paget,  A.,  25,  26,  27,  28.— Plum,  T.  W.,  29.— Ramsbottom,  J.,  29.— 
Siemens,  C.  W.,  26,  27,  29.— Walker,  C.  C,  28.— Williams,  R.,  25. 
Rumble,  T.  W.,  elected  Member,  1860,  90. 
RussEL,  R.,  elected  Member,  1856,  7. — Decease,  1861,  2. 
Russell,  J.  J.,  elected  Member,  1849,  Jan.,  9. 

High-Pressure  Steam  Boiler,  Paper  on  Benson's  high-pressure  steam  boiler, 
1861,  SO. — No  injury  done  if  tubes  burst,  39. — Amount  of  superheating, 
40. 
Russell,  J.  Scott,  elected  Member,  1847.— Council,  1849,  Jan.,  9.— 1850, 
Jan.,  5.-1853,  8.— Vice-President,  1855,  5.— 1856,  6, 
Copper  Sheathing,  great  variations  in  durability,  1862,  231. 
Decimal  Measure,   Inch  and  Metre,  present  inconvenience  not  the  only 
consideration,  1865, 46. — Metre  probably  best  standard,  46.— Inconvenience 
from  having  no  relation  between  measures  of  length  and  weight,  47. 
Double-Cylinder  Engines,  difficulties  in  carrying  out  expansion  in  marine 

engines,  1862,  275. — Three-cylinder  expansive  marine  engine,  275. 
Iron  Armour  for  Ships,  defects  of  wood  backing,  1862,  307.— Armour  must 
be  a  single  thickness  of  metal,  307. — Very  desirable  to  adopt  iron  backing, 
308. 
Stephenson,  George,  notice  of  the  life  and  character  of  the  late  George 
Stephenson,  first  President  of  the  Institution,  1848,  Oct.,  3. 
Russell,   N.  S.,   Iron  Armour  for    Ships,    Paper    on  the  construction  and 
application  of  iron  ai-mour  for  ships  of  war,  1862,  289. — Continuous 
riveting  most  secure  method  of  fastening  plates,  309. 
Ruston,  J.,  elected  Member,  1867,  60. 
Rydeb;  J.  N.,  elected  Member,  1859,  14. 

Superheated  Steam,  Paper  on  the  application  of  superheated  steam,  1860,  22. 
Rydeb,  W.,  elected  Member,  1863,  58.— Decease,  1868,  2.— Memoir,  17. 
Ryland,  F.,  elected  Graduate,  1866,  265. 
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Sacbe,  a.  L.,. elected  Member,  1866,  103. 
Sacbe,  C,  elected  Member,  1859,  248. 
Sacbe,  E.  A.,  elected  Member,  1868,  103. 
Sadoinb,  E.,  elected  Member,  1867,  234. 
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Safety  Boiler  Apparatus,  Paper  on  an  improved  apparatus  for  preventing 
explosions  of  steam  boilers,  by  J.  Rolinson,  1853,  134. — Description  of 
apparatus,  134. —  Results  of  working,  135. 

Discussion. — Beyer,  C.  F.,  136. — Downing,  G.,  135. — Gibbons,  B.,  135, 
186. — Eamsbottom,  J.,  136. — Rolinson,  J.,  135,  136. 

Safety  Buffer.    See  Buffer,  Safety,  1848,  Apl.,  15. 

Safety  Escape  Pipe,  Paper  on  a  safety  escape  pipe  for  steam  boilers,  by 
J.  Eamsbottom,  1857, 179. — Description  of  safety  pipe,  179.— Experiments 
on  efficiency,  180. 

Discussion.  —  Craig,  "W.  G.,  138.  —  Dodds,  I.,  182.  —  Ramsbottom,  J., 
180,  183.  —  Rankine,  W.  J.  M.,  182.  — Roberts,  R.,  181.  — Routledge,  W., 
181.— Siemens,  C.  W.,  182.— Smith,  W.,  181,  182.— Tomlinson,  J.,  183.— 
Whitworth,  J.,  180,  183. 

Safety  Hoist  Governor.    See  Hoist  Governor,  1858,  269. 

Safety  Lamp,  Paper  on  an  improved  miner's  safety  lamp,  by  S.  H.  Blackwell, 
1851,  Oct.,  23. — Defects  of  ordinary  Davy  lamp,  24. — Description  of  Eloin 
lamp,  24. — Advantages,  25. 

Discussion.— 'Siti.ckvieW,  S.  H.,  27,  28.— Clift,  J.  E.,  27,  28.— Slate,  A., 
27. 

Safety  Mine  Apparatus,  Paper  on  a  safety  apparatus  for  working  mine 
shafts,  by  A.  Slate,  1854,  57. — Description  of  apparatus,  58. — Mode  of 
action,  58. — ^Cost,  59. 

Discussion. — England,  W.,  59,  60,  61. — Mathews,  "W.,  61. — Slate,  A,, 
60,  62.— Thomson,  G.,  60,  61,  62.— Williams,  R.,  60. 

Safety  Valve,  Fenton,  Pajjer  on  an  improved  safety  valve,  for  locomotive, 
marine,  and  stationary  steam  boilers,  by  J.  Fenton,  1855,  24. — Description 
of  single  valve,, 25. — Double  valve,  26. — Lock-up  nature  of  valves,  27. 

Discnssio)i.— Adams,  W.  A.,  29,— Fairbairn,  W.,  27,  28,  29.— Fenton,  J., 
27,  28,  29.— Fothergill,  B.,  28,  29.— May,  W.,  28. 

Safety  Valve,  Haste,  Paper  on  Haste's  improved  safety  valve  for  steam 
boilers,  by  "W.  Naylor,  1859,  186. — Explosions  caused  by  safety  valves 
not  taking  off  steam  as  fast  as  generated,  186. — Description  of  Haste's 
valve,  188. — Effective  force  for  opening  escape  valve,  183. — Experiments 
on  efficiency  of  valve,  189.  —  Pressure  rises  while  blowing  off  with 
ordinary  safety  valve,  190.  —  Explosions  from  low  water  prevented  by 
Haste's  valve,  191. 

Discussion,  — Fothergill,  B.,  192.  — Maudslay,  H.,  193.  — Naylor,  W., 
192,  193.— Penn,  J.,  192,  193. 

Safety  Valve,  Hughes,  Paper  on  a  self-acting  safety  and  fire-extinguishing 
valve  for  steam  boilers,  by  G.  D.  Hughes,  1870,  219.  —  Desirability  of 
low- water  valve  or  indicator,  219. — Principle  of  action,  220. — Description, 
221. — Special  advantages,  222. — Fusible  plugs  often  fail,  223. 
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Safety  Valve,  Hughes  (continued). 

Discussion. — Chapman,  H.,  225.— Fletcher,  L,  E.,  225. — Hawksley,  T., 

223,  224,  225— Hughes,  G.  D.,  223,  22i,  225, 
Safety  Valve,  Kay,  Paper  on  an  improved  construction  of  safety  valves  for 

steam  boilers,  by  J.  C.  Kay,  1857,  211. — Description  of  three  constructions 

of  improved  safety  valves,  211. — Action  of  valve,  212. — Auxiliary  relief 

valve,  214.     • 

Discussion.— FairhaiTii,  W.,  216,  218.— Fothergill,  B.,  217,— Inshaw,  J., 

217.— Kay,  J.  C,  215,  216,  217.— McConnell,  J.  E.,  215,  216. 
Safety  Valve,  Naylok,  Paper  on  an  improved  safety  valve  for  steam  engine 

boilers,  by  W.  Naylor,  1865,  220.— Defects  of  ordinary  valve,  220.— 

Increase   of    pressure   caused   by   opening   valve,   221. — Description   of 

improved  valve,  222, — Ordinary  large  valves  allow  greater  increase^  of 

pressure    while   blowing  off  than  small  valves,  224. — Causes  of  extra 

pressure  in  locomotives,  225. — Comparison  of   ordinary  and  improved 

valves,  227. 

Discussion.— Bvamv/eU,    F.    J.,   229,   230.— Cannell,    F.    J.,    231.— 

Maudslay,  H.,  228,  231,  234.— Xaylor,  W.,  227,  228,  230,231,232,233, 

234.— Smith,  W.  F.,  231.— Tomlinson,  J.,  232.— Webb,  F.  W.,  233. 
Safety  Valve,  Eamsbottom,   Paper  on  an  improved  safety  valve,  by  J. 

Eamsbottom,  1856,  37. — Description  of  double  safety-valve,  38. — Spring, 

39. 

Discussion. — Fairbairn,  W.,  39,  40. — Fenton,  J.,  40. — Eamsbottom,  J., 

39,  40.— Wright,  H.,  40. 
Safety  Wagox   Coupling,     See  EaUway  Safety  Wagon  Coupling,  1860, 

277. 
Said,  M.,  Col.,  elected  Member,  1864,  59. 
Salmon,  F.  B.,  elected  Member,  1872,  76. 
Salt,  G,,  elected  Member,  1859,  54. 
Salt,  S.,  elected  Honorary  Member,  1847. 
Samttda,  J.  D'A.,  elected  Member,  1864,  271. 
Samuel,  J.,  elected  Member,  1848. 

Expansion  Engine,  Paper  on  a  continuous  expansion  steam  engine,  1852, 

27. — Supplementary  Paper,  41. — Trials  of   expansion   locomotives,  48, 

49.— Continuous  expansive  action,  51. 
Locomotive,  Paper  on  an  express  locomotive  engine,  1848,  June,  8. — Great 

saving  in  wear  of  rails  from  light  weight  of  engine,  10. 
Railway  Economy,  Paper  on  the  economy  of  railway  transit,  1849,  Oct.,  4. 

^^Small  engine   allows  larger  bearings  in  proportion  and  higher  boiler 

pressure,  11. — Large  carriage  gives  great  saving  of  weight  per  passenger, 

11. 
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Samuelsox,  a.,  elected  itember,  1857,  55. 

Oil  Mill  Machinery,  Paper  on  oil  mill  machinery,  1858,  27. — Recoil  of 
press  desirable  after  each  stroke,  38. — Durability  of  crushing  rollers,  39. 
— Horizontal  presses  no  advantage  over  vertical,  40. — Safety  valves  of 
oil  presses,  42. 

Samuelson,  B.,  elected  Member,  1865,  20. 

Samtjelsox,  M.,  elected  Member,  1857,  55. 

Saxdbekg,  C.  p.,  elected  Member,  1865,  218. 

Blast-Furnace  Gas,  Swedish  plan  of  taking  off  waste  gas,  1865,  252. 

Sand  Blast,  Paper  on  Tilghman's  sand-blast  process,  and  its  application  for 
cutting  stone,  &c.,  by  W.  E.  Newton,  1873,  260. — Sand  and  pebbles  assist 
in  cutting  hard  rocks  in  hydraulic  mining,  261. — Soft  and  elastic 
substances  less  affected  by  sand  blast  than  hard  and  brittle  ones,  261. — 
Description  of  apparatus,  262. — Bent  blast-pipe  with  short  nozzle  for 
cutting  narrow  deep  grooves,  264. — Dressing  of  stone  balusters,  &c.,  264. — 
Cutting  of  nozzle  tube  by  the  sand,  265. — Quarrying  and  tunnelling,  266. 
— Grinding  and  ornamenting  glass,  &c.,  267.  —  India-rubber  stencils 
successful,  268. — Engraving  gelatine  photographs  on  glass,  269. — Other 
applications,  269. 

iJiscj/ssioH.— Aitken,  W.  C,  275,  276.  — Amos,  C.  E.,  274,  275,— 
Halpin,  D.,  277.— Lloyd,  Z.,  272,  273.— Maltby,  W.,  277.— Newton,  W.  E., 
270,  271,  272,  273,  274,  275,  276,  277.— Paget,  A.,  273,  274.— Siemens, 
C.  W.,  271,  277.— Walker,  C.  C,  277. 

Sandees,  J.,  elected  Honorary  Member,  1847. 

Sanders,  E.  D.,  elected  Member,  1871,  262. 

Saxdeeson,  G.  G.,  elected  Member,  1861,  14. 

SASDEESO^f,  G.  S.,  elected  Member,  1848. 

San'DEESON,  J.,  elected  Member,  1864,  59. 

Sandfobd,  C,  elected  Member,  1848,  ApL,  24. 

SCAELETT,  J.,  elected  Member,  1869,  276. 

SCHAEFFEE  PRESSURE  GAUGE.     See  Pressm^e  Gauges,  1871,  281. 

SCHAXSCHiEFF,  A.,  elected  Member,  1869,  77. 

SCHMITTHEXNER,  L.  S.,  elected  Member,  1856,  80. 

Schneider,  H.  W.,  elected  Member,  1860,  90. 

ScHOLTZE,  A.,  elected  Member,  1866,  55. 

Scott,  E.,  elected  Member,  1865,  218.— Decease,  1873,  2.— Memoir,  21, 

Scott,  G.  L.,  elected  Member,  1868,  103. 

Wheel  Moulding,  Paper  on  the  moulding  of  toothed  wheels,  and  an  improved 
wheel-moulding  machine,  1868,  238. — Cost  of  machines,  246. — Economy 
from  use  of  machine,  249. — No  skill  required  to  use  machine,  260, 

Scott,  J.,  elected  Member,  1858,  80. 

Scott,  J.  P.,  elected  Associate,  1866.  18. 
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Scott,  M.,  elected  Member,  1848,  July,  20. 

Dredging  Ladder,  Paper  on  an  improved  ladder  for  dredging  machines,  1856, 

217. 
Pile  Driver,  Paper  on  the  theory  of  pile  di-iving,  with  description  of  an 
improved  steam  pile-driving  machine,  1857,  12. 

Scott,  W.  H.,  elected  Member,  1861,  211. 

ScRAPEE,  Paper  on  the  mechanical  scraper  for  removing  incrustation  in  the 
mains  of  the  Torquay  Water  Works,  by  J.  Little,  1873,  216.— Eeductiou 
of  deliveiy  due  to  oxidation  of  pipes  by  unusually  soft  water,  216. — First 
form  of  scraper,  217. — Success  of  trial  scraping,  218.— Cup  for  removing 
stones  in  main,  218. — Application  of  two  separate  pistons,  219. — Scraping 
knives,  219. — Improved  arrangement  of  knives,  220. — Following  the 
motion  of  scraper  by  the  sound,  221. — Force  required  to  drive  scraper, 
221. — Increased  delivery  obtained  by  scraping,  222. — Application  of  scraper 
to  smaller  mains,  222. 

Z?isci/ssio«..— Bramwell,  F.J.,  230,  231.— Easton,  E.,  230,  231.— Froude, 
W.,  223,  229.- Head,  J.,  230.— Hughes,  G.  D.,  229.— Husband,  W.,  229.— 
Weeks,  T.  S.,  223,  230. 

Screw  Propeller,  Paper  on  a  new  improved  screw  propeller,  by  G.  H.  Bovill, 
1852,  163. — Ordinary  form  of  screw  propeller,  16i.— Description  of 
Griffiths'  propeller,  165.  —  Loss  of  power  from  flapping  action  of  centre 
part  of  ordinary  propellers,  165.  —  Improved  form  of  blades,  166.  —  Pitch 
of  screw,  168. —  Slip,  169.  —  Table  of  trials  of  old  and  new  forms  of 
propeller,  170. 

Discussion. — Appold,  J.  G.,  172,  173. — Gibbons,  B.,  173.— Preston, 
E.  B.,  172.— Ramsbottora,  J.,  172.— Whitworth,  J.,  173. 

SCEEWIXG  Machine,  Paper  on  Sellers'  screwing  machine,  by  C.  P.  Stewart, 
1861,  231. — Description  of  machine,  231. — Releasing  bolt  after  screwing, 
232. — Adjustment  of  cutting  dies,  232. — Adjustment  of  machine  for  tapping 
nuts,  233.  —  Cutting  the  dies,  234.  —  No  adjustment  necessary  while 
working,  234. 

Discussion.— Covrper,  E.  A.,  237.— Cunliffe,  R.,  235,  236,  237.— Joy,  D., 
236.— Lloyd,  Sampson,  235,  238.— Murphy,  J.,  236,  237.— Tomlinson,  J., 
237. 

Sckiveu,  C,  elected  Member,  1868,  104. 

Seddon,  J.,  elected  Member,  1864,  59. 

Seddok,  J.  F.,  elected  Member,  1873,  46. 

Selby,  G.,  elected  Member,  1847. 

Selby,  G.  T.,  elected  Member,  1857,  55. 

Selby,  M.,  elected  Member,  1867,  18. 

Sellers,  W.,  elected  Member,  1865,  218. 

Sellers'  Self -Adjusting  Injector,    See  Injector,  1866,  266. 
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Shafts  akd  Axles.    See  Axles. 

Shanks,  Andrew,  elected  Member.   1850,   Jan.,   5.  —  Decease,  1870,  2. — 

Memoir,  16. 
Shanks,  Aethue.  elected  Member,  1872.  119. 
Shaping  Machine  for  Ntjts,  Paper  ou  an  improved  macbine  for  shaping 

nuts,  &c.,  by  W.  F.  Batbo,  1869,  312.  — Description  of  macbine,  312,— 

Cutters,  813. — Traversing  motion,  313.— Adjustment  of  cutters,  314. 
Diseussion.  —  '&BX\io,  "W.  F.,   815,  316,  318.  — Cowper,  E.  A.,  318.— 

Mather,  W.,  316.— Eamsbottom,  J.,  315,  317,  318.— Smith,  F.  F.,  316, 

317. 
Shaping  Machine  foe  Wheels,  Paper  on  a  curvilinear  shaping  machine,  by 

F.  W.  Webb,  1866,  280.— Description  of  machine,  280.— Rounding  corners 

of  spokes  and  rim,  281. — Saving  in  smith's  work,  282. — Importance  of 

balancing  wheels  correctly,  282. 

Discussion.  —  Bramwell,  F.  J.,   285.  —  Cowper,  E.  A.,  286.  —  Lloyd, 

Sampson,  283,  287.— Robinson,  J.,  284,  287.— Webb,  F.  W.,  288,  285,  286. 
Shaping  Machine  foe  Wood,  Paper  on  improved  machinery  for  rounding, 

surfacing,  and  shaping  wood,  by  J.   W.  Wilson,  1857,  77.  —  Rounding 

machine  for  poles,  &c.,  77. — Cooling  the  die,  77. — Cylindrical  gouge  and 

disc  paring-tool,  78. — Heading  machine  for  rounding  ends  of  sticks,  78. — 

Octagoning  machine,  79.  —  Conical  rounding  machine  for  paint-brueh 

handles,  &c.,  80. 

Z»/sc?/ss?o?i.— Hoskyns,  C.  W.,  81.— Smith,  W.,  82.— Waller,  W.,  81.— 

Whitworth,  J.,  81,  82.— Wilson,  J.  W.,  81,  82.— Wright,  H.,  81. 
Shaep,  H.  (Bolton),  elected  Member,  1863,  246. 
Shabp,  H.  (Manchester),  elected  Member,  1848,  Apl.,  24. 
Shaep,  J.,  elected  Member,  1847. 
Shaep,  W.  P.,  elected  Member,  1848,  Apl.,  24. 
Shaepe,  C.  J.,  elected  Member,  1867,  60, 
Shaepe,  W.  J.,  elected  Member,  1862,  20. 
Shaeeock,  S.,  elected  Member,  1869,  77. 
Shaw,  D.,  elected  Member,  1864,  121. 

Shaw,  F,,  elected  Member,  1866,  18.— Decease,  1868,  2.— Memoir,  18. 
Sheaes,  Hydeaulic.   See  Hydraulic  Shears  and  Punch.  1862,  341. — Hydraulic 

Shearing  Press,  1858,  70. 
Shed  foe  Locomotive  Engines.    See  Engine  Shed,  1851,  Jan.,  22, — 1858, 

256. 
Sheffield  Summer  Meeting,  1861,  109. 
Shelley,  C.  P.  B.,  elected  Member,  1856,  7. 

Rope  Manufacture,  Paper  on  the  manufacture  of  hemp  and  wire  rope,  1862, 

170. 
Shepheed,  J.,  elected  Member,  1861,  211. 
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Sheeiff,  J.  D.,  Railway  Chair,  Paper  on  tlie  bracket  chairs  for  suspending 
double-headed  rails  on  the  West  Cornwall  Railway,  1873,  252. 

Sherkiff,  a.  C,  elected  Honorary  Member,  1859,  248. 

Ships,  Aemoub-Plated.     See  Armour  for  Ships,  1862,  289. 

Ships,  Ibon,  Paper  on  a  new  construction  of  u'on  ships  for  war  purposes,  by 
P.  Conti,  1856,  221. — Wooden  ships  desti'oyed  by  insects  in  Sardinia, 
221. — Effect  of  shot  on  iron  plates,  221. — Description  of  improved  iron 
framing,  222. — Repairing  shot-holes,  233. 

Biseusswn—QonW,  P.,  224,  225.— Fairbairn,  W.,  224.— Fothergill,  B,, 
224.— Napier,  J.  R.,  224.— Whitworth,  J.,  225. 

Ships,  Iron,  Paper  on  the  construction  of  iron  ships,  by  J.  Vernon,  1863, 
115. — Increase  in  number  of  iron  vessels,  115. — Superiority  of  iron  over 
wood,  116. — Strength  of  iron  ship  when  supported  at  both  ends  only, 
118. — Strength  of  iron  ship  supported  at  centre,  122. — Wood  ship 
supported  at  both  ends,  123. — Wood  ship  supported  at  centre,  125. — Iron 
keels  and  keelsons,  127. — Iron  stringers,  128. — Large  forgings  for  stern 
posts,  &c.,  129. — Screw  colliers  with  water  ballast,  130. — Flat-bottomed 
river  boats,  130. — Bourne's  floating  trains,  131. — Area  of  canvas,  132. — 
Use  of  steel  instead  of  iron,  132. — Riveting,  &c.,  133.— Objections  to  iron 
ships,  135. — Wire-rope  rigging,  136. — Comparative  strength  of  steel  and 
wood  yards,  137. 

Dwcj/moTt.— Arnott,  T,  R.,  141.— Bennett,  P.  D.,  139.— Birckel,  J.  J., 
143.— Clay,  W.,  139,  144,  147,  149.— Gray,  J.  McF.,  144.— Harman,  H.  W., 
142.— Plum,  T.  W.,  145.— Reynolds,  E.,  145.— Richardson,  W.,  143.— 
Scott,  M.,  146.— Vernon,  J.,  140,  141,  142,  143,  144,  146,  147,  148. 

Ships,  Models,  Paper  on  a  machine  for  shaping  the  models  used  in  experiments 
on  forms  of  ships,  by  W.  Froude,  1873,  202. — Ordinary  wood  models  not 
suitable  for  extensive  series  of  experiments,  202. — Wood  not  suitable  as 
material  ;  hard  paraffin  successful,  203. — Rough-casting  the  models,  204. — 
Description  of  shaping  machine,  204.  —  Action  of  template  in  guiding 
cutters,  206. — Driving  of  cutters,  207. — Construction  of  templates,  208. — 
Delicate  adjustment  of  tracer  for  following  template,  209.  —  Mode  of 
cutting  water-lines  on  model,  210. — Final  dressing  by  hand,  210. — Use  of 
templates  in  designing,  211. 

i)iscM.<t5io«,— Bramwell,  F.  J.,  215.— Eastou,  E.,  213.— Froude,  W.,  212, 
214.— Head,  J.,  214.— Tilghman,  B.  C,  214. 
Shipton,  J.  A.,  elected  Member,  1849,  July,  39. 

Pendulous   Engine,   Paper  on   the   direct  conversion   of    rectilinear   into 
circular  motion  in  the  steam  engine,  1851,  Oct.,  4. — Cost  of  engine,  8. — 
Cylinder  vibrates  as  pendulum  at  working  speed,  9. 
Steam  Engine,  Paper  on  a  new  reciprocating  steam  engine,  1850,  July,  26. 
— Rate  of  working,  34. 

W 
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Shirley,  H.  L.,  elected  Member.  1872,  119. 
Shoolbeed,  J.  ISr.,  elected  Member,  1872,  119. 
Shuttlewoeth,  J.,  elected  Member,  1859,  248. 

Siemens,  C.  W.,  elected  Member,  1851,  July,  45.— Council,  1857,  11.— 1860, 
13.— 1864,  18.-1867,  17.— Vice-President,  1868,  19.— 1869,  19.— 1870, 
18.— 1871,  20.— President,  1872,  25.-1873,  24. 
Address  as  President,  1872,  27,  120.— Meeting  in  London,  120.— House  of 
Institution,    120. — Annual    consumption    of    coal    in    England,   122. — 
Consumption  of  marine  engines  reduced  one  half  in  last  nine  years,  123. — 
Corn  grinding,  124. 
Aero-Steam    Engine,  causes    of   advantage    of   air-injection    in    assisting 
evaporation  and  preventing  priming  in  boiler,  1870,  245. — Explanation 
of  economy  from  mixed  steam  and  air  in  cylinder,  247. 
Air  Engine,  Heated,  steam  better  than  air,  1873,  82. — Pipe-joint  to  resist 
high  temperature,  82. — Conception  of  a  perfect  engine.  83. — Theoretical 
minimum    consumption,    84.  —  Air-engine     necessarily     imperfect    for 
developing  power  from  heat,  84. — Expansion  cannot  be  carried  far  in 
Wenham's  engine,  85.— Working  of  air  pump,  loss  of  useful  effect,  85. — 
Hot-air  engine  impracticable  on  large  scale,  though  safe  and  useful  for 
small  power,  85. 
Blast    Furnaces,     amendments    necessary    in   calculation    of    theoretical 
minimum  consumption,  1869,  63. — Heat  carried  in  by  blast  very  nearly 
balanced  by  heat  carried  off  in  escaping  gas,  67. 
Blast-Furnace  Gas,  impossible  to  reduce  consumption  to  stated  theoretical 
minimum,  1869,  33. — Temperature  of  gas  affected  by  rate  of  di-iving,  39. 
Blast-Furnace  Materials,  flued   coke-ovens  preferable  to   common  ovens, 

1871,  165.— Coking  of  anthracite,  166. — Desirable  to  concentrate  all 
operations  of  smelting  within  furnace,  167. 

Blooming  Machine,  power  required  to  work  machine  and  hammer,  1851, 

Apl.,  42. 
Boiler,  advantage  of  superheating  steam,  1855,  196. 
Boiler,  Cast-iron,  great  strength  of  spheres  in  Harrison  boiler,  1864,  83. 
Boiler,  High-Pressure,  much  heat  wasted  by  passing  into  chimney,  1861, 

40. — Tubular  form  of  boiler  very  strong,  40. 
Break  Drums,  graphite  in  cast-iron  break-blocks  acting  as  lubricant,  1871, 

208. 
Condenser,  Ejector,  annular  water  jet  would  probably  give  better  result, 

1872,  270. — Experiments  on  mode  of  action  of  condenser,  271. 
Counter-pressure   Steam   Break,   Paper  on  Le   Chatelier's  plan    of  using 

counter-pressure  steam  as  a  break  in  locomotive  engines,  1870,  21. — 
Necessity  for  water  injection,  37. — Small  percentage  of  water  in  spray  of 
injection,  39.  —  Counter-pressure  system  extensively  used  in  France  and 
Germany,  40. — Steam  jet  for  lubrication  when  running  without  steam. 
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Siemens,  C.  W.  (continued), 

40. — Water  jet   quite   sufficient,  55. — Cause  of  flatness  of  compression 
curve,  57. 

Crane,  steel  Avire-rope  at  high  speed  with  large  pulley  for  transmitting 
power,  1868,  171. 

Cupola,  iron  less  exposed  to  blast  than  in  ordinary  cupola,  1868,  94. — 
Krigar's  cupola  greatly  superior,  94. 

Decimal  Measure,  metre  more  convenient  than  inch  as  standard  unit,  1860, 
230. — Facility  of  working  with  metric  measurements,  1865,  42,  —  Xot 
much  importance  in  astronomical  basis  of  standard,  43. — Importance  of 
direct  relation  between  measures  of  length  and  surface  and  capacity, 
and  weights,  44. 

Disintegrator,  working  capacity  depends  on  length  of  beaters,  1872,  49. — 
Very  thorough  mixture  efEected  by  machine,  52. 

Elevator  for  Colliery  Drainage,  very  wasteful  of  heat,  1861,  227. — 
Depositing  box  to  free  steam  from  condensed  water,  228. 

Expansion  of  Steam,  Paper  on  the  expansion  of  isolated  steam,  and  the 
total  heat  of  steam,  1852,  131. 

Governor,  Allen,  action  of  governor  on  valve  indirect,  1873,  60. — Power  to 
move  valve  very  small,  61.  —  Action  of  Siemens  liquid  governor,  61, — 
Difference  of  action  between  Allen  and  Siemens  governors,  62. 

Governor,  Chronometric,  Paper  on  an  improved  governor  for  steam  engines, 
■  1853,  75.  —  Advantage  in  increased  speed  of  work,  83.  —  Experiment 
showing  prompt  action  on  change  of  load,  84.  —  Perfect  uniformity  of 
motion  produced,  85. 

Governor,  Chronometric,  Paper  on  an  improved  chronometric  governor  for 
steam  engines,  &;c.,  1866,  19. — Tilting  does  not  interfere  with  action  of 
governor,  32. — Sensitiveness  of  clock-governor,  83.— Governor  efficient  for 
sudden  heavy  changes  of  work,  34. — Level  of  water  regulates  speed  of 
revolution,  39. — Power  of  governor  for  overcoming  resistance  varies 
with  density  of  liquid,  39. — Quantity  of  water  affects  only  speed  of 
governor,  39. — Xo  loss  of  water  from  evaporation,  &c.,  40. 

Governor,  Crossed-arm  governor  has  almost  chronometric  action,  1871,  226. — 
Addition  of  spring  increases  power  to  move  throttle-valve,  227. 

Gyroscope,  description  of  Fessel's  gyroscope,  1854,  106. 

India-rubber  Covering  Machine,  Paper  on  a  machine  for  covering  telegraph 
wires  with  india-rubber,  1860,  137. — Objections  to  use  of  gutta-percha 
as  insulating  material,  144. 

Injector,  calculation  of  rise  of  temperature  in  feed-water,  1860,  78. 

Marine  Engines,  consumption  of  coal  in  marine  engines  reduced  to  one  half 
during  last  nine  years,  1872,  163. — Mechanical  firing  should  be  tried  for 
marine  boilers,  171. — Compound  engines  enable  a  higher  pressure  of 
steam  to  be  employed,  185. 
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Mining  Machinery,  loss  of  power  from  heavy  beam  of  pumping  engine  due 
only  to  increased  friction  of  bearings,  1859,  40. 

Pumping  Engines,  Cornish  engine  best  for  deep  pits,  1858,  58. — Importance 
of  steam-jackets,  58. 

Railway  Chair,  Bracket,  rail  much  weakened  by  bolt-hole  through,  especially 
steel  rail,  1873,  256. — Little  difference  whether  holes  punched  or  drilled, 
256. — Effect  of  chemical  composition  on  mode  of  breaking  of  steel,  258. 

Rankine,  W.  J.  M.,  notice  of  decease,  1873,  22. 

Regenerative  Condenser,  Paper  on  a  new  regenerative  condenser  for  high- 
pressure  and  low-pressure  steam  engines,  1851,  July,  20. — Saving  of  fuel, 
35. — Cooling  of  condensing  water  in  locomotives,  36. 

Regenerative  Furnace,  Paper  on  a  new  consti'uction  of  furnace,  particularly 
applicable  where  intense  heat  is  required,  1857,  103.  —  No  decided 
difference  in  time  of  puddling  with  regenerative  furnace,  110. 

Regenerative  Gas  Furnace,  Paper  on  a  regenerative  gas  furnace,  as  applied 
to  glasshouses,  puddling,  heating,  &c.,  1862,  21. — Decomposition  of  crude 
gas  in  regenerators,  36. — Perfect  control  over  nature  of  flame,  40. — No 
deposit  to  choke  up  regenerators,  41. — Temperature  of  furnace,  42. — Cost 
of  regenerative  puddling  furnaces,  44. 

Regenerative  Hot-Blast  Stoves,  pyrometer  for  measuring  temperature  of 
blast,  1860,  64. — Gas  better  than  coal  for  heating  regenerators,  68. 

Riveted  Joints,  thickened-edge  plates,  heaviest  strain  across  grain  of  plate, 
objectionable,  1872,  83. — Decided  advantage  in  diagonal-jointed  boiler, 
96. — Thickened-edge  plates  not  a  good  plan,  96. 

Rules  of  the  Institution,  alterations,  1873,  25,  26,  27,  29,  30. 

Steam  Engine,  advantage  of  steam-jacket,  1855,  202.— Clothing  saves  only 
part  of  heat  lost  by  not  having  steam-jacket,  203. 

Steam  Jet,  Paper  on  a  steam  jet  for  exhausting  air  &c.,  and  the  results  of  its 
application,  1872,  97. — First  applied  to  pneumatic  despatch  tube,  110. — 
Weight  of  air  delivered  depends  on  surface  of  contact  of  steam  and  air, 
and  not  on  pressure  of  steam.  111. — Limit  of  exhaustion  or  compression 
depends  on  pressure  of  steam.  111. — Time  required  to  reduce  pressure  of 
air  one  lb.,  constant  for  all  degrees  of  vacuum,  112. — Expanding  delivery 
tube  very  important,  113. — Importance  of  very  thin  annular  steam-jet, 
114, — Most  advantageous  when  producing  high  degree  of  vacuum,  115. 

Steering  Engine,  Steam,  difficulty  in  manipulating  vessel  for  picking  up 
submarine  cables,  1867,  280.  —  Reaction  propeller  advantageous  for 
steering  in  narrow  channels  &c.,  286. 

Superheated  Steam,  expansion  of  steam  at  increased  temperatures,  1860, 
31.  —  Prevention  of  condensation  in  cylinder  ia  chief  economy  in 
superheating,  32. — Joint  to  stand  high  temperatures,  33. 
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Telegraph  Cables,  india-rubber  and  gutta-percha  as  insulators,  1862,  226. — 

Danger  of  sheathing-wires  breaking,  227. — Untwisting  of  cable  during 

laying,  228. — Causes  of  failure  in  cables,  229. — Conductivity  of  copper 

much  diminished  by  very  little  impurity,  232. — Manufacture  of  copper 

strips  for  sheathing  cables,  234. — Thick  wii-es  necessary  for  sheathing, 

236. — Copper-sheathed  cable  ■will  support  its  own  weight  in  much  gi-eater 

depth  of  water  than  wire-sheathed  cable,  236. 
Telegraph  Machinery,  machinery  for  laying  Mediterranean  cables,  1867,  35. 

— Improved  dynamometer,  36. — Hydraulic  friction  breaks,  37. — Turntable 

for  light  cables  when  in  tanks,  38. — Difficulty  of  grappling  for  cables  in 

Mediterranean  Sea,  38. — Destruction  of  hemp  covering  by  marine  animals, 

40. 
Turning  Tool,  advantage  due  partly  to  lubrication  of  cutting  edge,  1872,  292. 
Type-Setting  Machine,  arrangement  for  preventing  two  keys  being  pressed 

down  together,  1863,  55. 
Valve  Gear,   Corliss  gear  gives  correct  indicator  figure  for  all  degrees  of 

expansion,  1868,    187. — Corliss  gear   objectionably  complicated,   187. — 

Friction  break  gives  very  correct  result,  189. 
Water  Axlebox,  power  required  to  overcome  friction  of  ordinary  axleboxes, 

1860,  186. — No  danger  fi'om  freezing  of  water  in  axlebox,  187. 
Water  Meter,  Paper  on  an  improved  water  meter,  1854,  6. — Accuracy  of 

meters  under  trial,  20. — Cost,  21. — Objectionable  to  have  counting  gear  in 

water,  22. 
Water  Meter,  Paijer  on  an  improved  water  meter,  1856,  113. — Accuracy  of 

registration,  119, 
Siemens  Cheonometeic  Goveenoe.   See  Governor,  Chronometric,  1853,  75. — 

1866,  19. 
Siemens,  F.,  elected  Member,  1862,  20. 
Signals  and  Points.    See  Eailway  Signals. 
Signal  Wiees  change  in  length  from  temperature,  1873,  41. 
Silvestee,  J.,  elected  Member,  1862,  93. 

SiLVESTEE  Peessuee  GAUGE,     See  Pressure  Gauges,  1871,  281, 
Simmons,  J,  L.  A,,  Capt,,  elected  Honorary  Member,  1848. 
Simon,  H.,  elected  Member,  1871,  117, 
Simons,  W,,  Steam  Dredgers,  construction  and  working  of  screw  hoj^per-barges, 

1864,  157, — Increase  of  revenue  from  enlarging  channel  of  Clyde,  158, 
Simpson,  A.,  elected  Graduate,  1873,  251, 
Simpson,  J.,  Steam  Engine,  trial  of  new  reciprocating  steam  engine,  1850,  July, 

32. — Steam  pressure  required  to  start  engine,  34. 
Simpson,  W.,  elected  Member,  1862,  47.— Decease,  1865,  2.— Memoir,  16, 
SiNCLAiE,  A,,  elected  Member,  1848,  Apl.,  24. 
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Sinclair,  K.,  elected  Member,  1847. — Council,  1849,  Jan.,  9. — 1850,  Jan.,  5. 

Sinclair,  E.  C,  elected  Member,  1857,  55. 

Singleton,  W.,  elected  Honorary  Member,  1856,  80. 

Slate,  A.,  Original  Member,  1847.— Council,  1848.— 1849,  Jan.,  9.— 1851, 

Jan.,  8.— Vice-President,  1853,  7.— 1854,  5.— 1855,  6. 
Axles,  mistake  to  strengthen  axle  in  middle  in  order  to  prevent  breaking  at 

ends,  1850,  Oct.,  7.— Suggestion  for  doing  away  with  shoulder  on  axle,  10. 
Blowing  Engine,  Paper  on  a  blowing  engine  working  at  high  velocities,  1850, 

July,  16.— Cylinder-blast  better  for  cupolas  than  fan-blast,  24. 
Blowing  Engine,  Paper  on  a  new  blowing  engine  working  at  high  velocities, 

1851,  July,  37. 
Canal  Lift,  Paper  on  a  new  equilibrium  canal  lift  for  transferring  boats  from 

one  level  to  another  without  loss  of  water  or  of  power,  1851,  Oct.,  17. — 

Safety  of  lift,  22. — Cost  of  lift  and  of  ordinary  locks,  23. 
Expansion  of  Steam,  indicator  diagrams  in  Staffordshire  district  show  very 

inferior  action,  1849,  July,  29. 
Filter,  Forster's,  Paper  on  an  improved  water  filter,  1854,  75. 
Iron,  time  an  important  element  in  determination  of  tensile  strength,  1850, 

Apl.,  11. 
Locomotive  Boiler,  advisable  to  diminish  velocity  of  draught  through  tubes, 

1849,  July,  10. — Power  absorbed  by  friction  of  air  through  tubes,  11. 
Kailway   Axles,   change  from   fibrous  to   crystalline   not   produced  unless 

strained  beyond  elastic  limit,  1849,  Oct.,  26. 
Railway   Carriage    Elevator,   perfect   action  of   contrivance   for    stopping 

elevator  from  descending,  1848,  Oct.,  19. 
Eailway  Carrying  Stock,  rolling  hollow  rectangular  sole  bars,  1851,  Jan., 

15. — Injportance  of  diminishing  dead  weight,  17. 
Safety   Mine  Apparatus,   Paper  on  a  safety  apparatus  for  working  mine 

shafts,  1854,  57. 
Springs,  tension  carriage  spring  very  unmechanical  construction,  1850, 

Apl.,  20. 
Starting  Apparatus,  conical  clutch  found  to  stick,  1848,  Apl.,  14. 
Ventilation  of  Colliery,  collieries  in  North  much  greater  extent  and  depth 

than  in  Staffordshire,  1849,  July,  38. 
Slater,  A.,  elected  Graduate,  1872,  26. 
Slater,  I.,  elected  Member,  1859,  54. 

Eailway  Carriages,  long  carriages  objectionable  because  present  workshops, 

turntables,  &c.,  not  large  enough,  1857,  168. 
Slaughter,  E.,  elected  Member,  1853,  8. 

Iron  Manufacture,  toughened  cast-iron  forms  excellent  material  for  engine 

cylinders,  1853,  32. 
Slide-Valve,  Balanced.    See  Balanced  Slide-Valve. 
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Slide-Valve,  Expansion.    See  Expansion  Valve,  1866,  58. 
Smethuest,  J.,  elected  Member,  1866,  103. 

Smith,  A.,   Rope   Manufacture,   improved   wire-rope    machine,   1862,   197. 

Bending  of  wires  in  machine  not  sufficient  to  injure  wire,  206. — Strength 
of  steel  and  iron  wire,  207. — Relative  strength  of  steel  and  iron  wire-rope, 
234. 
Smith,  C,  elected  Member,  1873,  46. 
Smith,  C.  F.  S.,  elected  Member,  1859,  14. 
Smith,  E.  F.,  elected  Member,  1866,  265. 
Smith,  F.,  Ii-onworks,  Round-Oak,  Paper  on  the  Round-Oak  Ii-onworks,  1860, 

211. — Helve  preferred  to  steam  hammer  for  shingling.  221. 
Smith,  F.  P.,  Wood  Bearings,  particulars  of  experiments,  1856,  30. — Success 
of    wood    bearings    for    screw    shaft    in    "  Himalaya,"    31. — Rise    of 
temperature  in  water  surrounding  bearing,  33. 
Smith,  G.,  elected  Member,  1854,  110. 
Smith,  G.  B.,  elected  Member,  1854,  49. 
Smith,  G.  F.,  elected  Member,  1866,  18. 
Smith,  H.  (Brierley  Hill),  elected  Member,  1860,  90. 
Smith,  H.  (Liverpool),  elected  Member,  1847. 
Smith,  H.  (Westbromwich),  Original  Member,  1847. 

Railway  Axles,  experiments  on  fibrous  iron  cold-hammered  until  rendered 

crystalline,  1840,  Oct.,  24. 
Wrought-Iron  Wheel,  Paper  on  a  solid  wrought-iron  wheel,  1849,  Apl.,  9. — 
Particulars  of  disc  wheels  at  work,  18. — Cost  of  forging  tyre  on  wheel  less 
than  putting  on  separate  tyre,  19. — Wheel  forgings  all  as  sound  as  bars  of 
piled  iron,  20. 
Smith,  I.,  elected  Member,  1858,  45.— Decease,  1869,  2.— Memoir,  17. 

Decimal  Measure,  want  of  a  reliable  wire-gauge,  and  standard  plugs  to  test 

gauges  in  use,  1859,  132. 
Peat  Fuel,  suggestion  for  manufacture  of  gas  in  same  manner  as  from  wood 

in  Germany,  1865,  158. 
Surface  Condensers,  wrought-iron  pipes  corroded  by  distilled  water,  while 

cast-iron  not  injured,  1863,  159. 
Ventilation,  Mechanical,  failure  of  plan  of  admitting  fresh  air  above,  and 
taking  off  foul  air  below,  1863,  205,  —  Great  success  of  ventilation  at 
St.  George's  Hall,  Liverpool,  206.  —  Muir's  ventilators,  206.  —  Chimney 
flues  usually  much  too  large,  207. — Impurities  in  town  air,  207. 
Water  Works,  importance  of  meters   in   preventing  waste,   1863,    189. — 
Intermittent    supply   with    cisterns    objectionable,    191.  —  India-rubber 
diaphragm-valves  best  for  house  taps,  191. 
Wood  Bearings,  brass  bearing  with  wood  plugs,  successful  for  rolls  when 
rolling  cold  thin  sheet  steel,  1858,  90. 
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Smith,  J.  (Derby),  elected  Member,  1860,  14. 

Smith,  J.  (Wolverhampton),  Steam  Cultivation,  very  successful  results,  1865, 

86. — Rooting  out  weeds  by  deep  ploughing,  87. 
Smith,  J.  T.,  elected  Member,  1857,  55. 
Smith,  M.,  elected  Member,  1859,  14. 
Smith,  M.  H.,  elected  Graduate,  1870,  126. 
Smith,  N.  H,,  elected  Member,  1848,  Apl.,  24. 
Smith,  R.,  elected  Member,  1860,  90. 

Ironworks,  Eound-Oak,  slack  from  coal  workings  got  rid  of  by  using  it  for 
separate  boilers,  1860,  220. 
Smith,  T.  T.,  elected  Member,  1849,  Apl.,  32. 
Smith,  W.  (Dudley),  elected  Member,  1848. 

Boiler  Explosion,  Paper  on  the  recent  boiler  explosion  at  Dudley,  1848, 

June,  14, — Boiler  not  adapted  for  so  high  a  pressure  as  worked  at,  16, 
Boiler,    High-Pressure,    Paper    on    high-pressure  boilers    and    on    boiler 

explosions,  1848,  July,  11,—  Supply  of  water  in  tubes  below  boiler,  15. 
Condensation  of  Steam,  Paper  on  the  condensation  of  steam  in  the  engines 
of  the  South  StafEordshire  iron  district,  and  the  improvements  to  be 
effected  in  them,  1850,  Jan.,  31. — Supplementary  Paper,  1850,  July, 
4.  —  Engines   now  worked   at  inuch    higher    pressure   than   originally 
proportioned  for,  11. — Engines  frequently  kept  working  when  in  need  of 
repairs,  12. 
Expansion  of  Steam,  Fairbairn's  expansion  gear  very  simple  and  works  well, 
1849,  July,  28.  —  Consumption  very  high  in  Staffordshire  district  from 
inferior  fuel  and  waste  of  steam,  30. 
Iron,  crystallising  effect  of  hammering  puddled  bar  iron  cold  on  end,  1850, 
Jan.,  18. 
Smith,  W.  (Glasgow),  elected  Member,  1866,  265. 
Smith,  W.  (London),  elected  Member,  1857,  55. 

Hoist  Governor,  very  efficient  under  severe  trials,  1858,  271.  —  Rack  and 

pinion  would  be  better  than  friction  roller  for  driving  governor,  272. 
Marine   Engine   Governor,    "  storm "   governor  previously  tried  not  very 

successful,  1859,  94, 
Safety  Escape  Pipe,   ordinary  lead  plugs  oxidise   in    time,   and    become 

infusible,  1857,  181,  182. 
Towing  Canal  Boats,  early  plan  of  towing  with  fixed  wire-rope,  1869,  269. 

—Plan  for  passing  locks,  269. 
Wood  Bearings,  early  use  of  wood  bearings  by  millwrights  for  low  velocities 
only,  1858,  87. 
Smith    W.   (Woolston),  Steam  Cultivation,  leading  points  in  application  of 
steam  to  cultivation,  1857, 73.— Each  farmer  should  do  his  own  ploughing, 
74. — Success  of  steam  cultivation,  75. 


S.  185 

Smith,  W,  F.,  elected  Member,  1863,  246. 

Tools,  wider  groove  with  angle  of  120°  better  for  planing  machines,  1864, 

226. — Stepped  raclis  difficult  to  make  sufficiently  accurate,'226. 
Tool  and  Holder,  Paper  on  an  improved  tool  and  holder  for  turning  and 

planing,  1866,  288. — Good  surface  left  with  round  cutters,  301. — Cutting 

angles  for  different  metals,  302. 
Turning  Tool,  increase  of  speed  of  turning,  1872,  292. 
"Wheel  Moulding,  wood  patterns  objectionable,  1868,  248. 
Smith  Peessuee  Gauge.    See  Pressure  Gauges,  1871,  281. 
Smoke  Peeventing  Valve,  Prideaux's.    See  Furnace  Valve,  1854,  111. 
Smoke  Peevention,  Paper  on  an  apparatus  for  the  prevention  of  smoke  in 

steam    boiler    and    other  furnaces,   by  W.   B.  Johnson,   1857,   125. — 

Description  of  boiler  with  apparatus,  125. — Action  of  apparatus,  126. — 

Pyrometer,  127. — Pyrometer  diagi-ams,  127. 

i?jsc?mwre.— Fairbairn,  W.,  129.— Johnson,  W.  B.,  128,  129. 
Snowdon,  T.,  elected  Member,  1857,  202. 

Blast-Furnace  Gas,  high  chimney  necessary  to  take  off  gases  from  closed- 
top  furnace,  1860,  133. — Gases  should  be  taken  off  as  cool  as  possible, 

133. 
SoAMES>  P.,  elected  Member,  1871,  21. 
SoKOLOFP,  A.,  elected  Member,  1859,  14. 
Solids,  Flow  of.    See  Flow  of  Solids,  1867,  60. 
Solly,  J.,  elected  Member,  1853, 45. 
Solly,  N.  N.,  Blast-Furnace  Gas,  gas  taken  off  successfully  from  Willenhail 

furnaces,  1860,  269. — No  danger  from  explosions  if  safety  valves  are 

provided  on  gas  mains,  273. — Taking  off  gas  removes  much  sulphur  and 

other  impurities  from  furnace,  274. 
Blast-Furnace  Tuyere,  Paper  on  a  gunmetal  tuyere  for  blast  furnaces,  1865, 

256. — Durability  of  gunmetal  tuyeres,  262. — Cost  of  gunmetal   tuyeres, 

262. 
Someeville,  W.  C,  elected  Member,  1863,  58. 
SoPEE,  W.,  Rifles,  Breech-Loading,  liability  to  "  spitting  "  in  the  Martini  and 

other  constructions,  1871,  113. — Advantage  of  transverse  breech-block, 

113. — Eapidity  of  fire  of  Soper  rifle,  114. — Advantage  of  cleaning  barrel 

from  the  rear,  294. — Particulars  of  Soper  rifle,  294. 
SoEENSEN,  B.,  elected  Member,  1858,  266. 
South  Staffoedshiee  Thick  Coal.     See  Coal,  South  Staffordshire  Thick,  1860, 

91. 
South  Yoekshiee  Coal  Mining.     See  Coal  Mining,  1862,  68. 
Spabeow,  a.,  elected  Member,  1865,  20. 
Spaeeow,  W.  M.,  elected  Member,  1865,  54. 
Spencer,  E.,  elected  Member,  1866,  103. 

X 


186  ^  S. 

Spencee,  J.,  elected  Member,  1848,  Julj',  20. 

Spencer,  J.  F.,  elected  Member,  1859,  54. 

Boiler,  Higli-Pressui-e,  Paper  on  a  new  construction  of  higb-pressure  steam 
boiler,  1859,  264. — Rapid  raising  of  steam  in  fire  engine,  273. — No 
objection  to  mechanical  circulation,  273. 
Eailway  Bridges,  protection  of  iron  from  corrosion,  1861,  189. 
Surface  Condenser,  better  to  have  condensing  water  inside  tubes,  and  steam 
outside,  1862,  107. — Particulars  of  working,  108. — India-rubber  joints 
for  tubes  very  satisfactory,  108. — Particulars  of  working,  109. — Corrosion 
of  boilers  stopped  by  changing  water  at  intervals,  120,  121. 

Spencer,  J.  W.,  elected  Member,  1867,  60. 

Spencer,  T.  (Newcastle),  elected  Member,  1854,  79. 

Uchatius  Cast  Steel,  Paper  on  the  manufacture  of  the  Uchatiug  cast  steel, 
1858,  146.— Transverse  strength,  150. 

Spencer,  T.  (Westbromwich),  elected  Member,  1853,  8. 

Spinning  Machinery  for  Cotton.  See  Cotton- Spinning  Machinery,  1866, 199. 

Spinning  Machinery  for  Flax.    See  Flax-Spinning  Machinery,  1865,  103. 

Spittle,  T.,  elected  Member,  1864,  121. 

Spon,  E.,  Pressure  Gauges,  Paper  on  steam  pressure  gauges,  1871,  281. — Foster 
gauge  not  injured  by  being  kept  under  pressure  for  long  period,  288. — 
Small  pocket-gauge  indicating  to  500  lbs.,  288. — Great  durability  of  india- 
rubber  diaphragm,  290.— Spring  gauge  better  than  Bourdon  gauge,  290. 

Spooling  Machine  for  Cotton.    See  Cotton  Spooling,  1861,  54. 

Spray,  F.  G.,  elected  Member,  1857,  11.— Decease,  1859,  2. 

Springs,  Paper  on  railway  carriage  and  wagon  springs,  by  W.  A.  Adams,  1850, 
Jan.,  19. — Variation  in  weight  of  springs,  19. — Experiments  on  springs 
made  from  English  and  Swedish  iron,  20. —  Laminated  springs,  20. — 
Wagon  bearing  springs,  22. — Carriage  bearing  springs,  24. — Buchanan's 
bearing  spring,  25. — Adams'  bow  spring,  25. — Spiral  bearing  spring,  26. 
— Buffer  and  draw  springs,  26. — External  buffers,  27.— Conical  spiral- 
spring  buffer,  29. 

i?/scKSsioM.— Adams,  W.  A.,  30.— Cowper,  E.  A.,  30.— Fuller,  "W.  C.,'30. 
—Hodge,  P.  R.,  30.— McConnell,  J.  E.,  30.— Middleton,  W.,  29,  30. 

Springs,  Supplementary  Paper  on  railway  carriage  and  wagon  springs,  by 
W.  A.  Adams,  1850,  Apl.,  14.  —  Description  of  improved  springs  and 
fittings,  15. — Deflection,  15. — Small  spring,  IG.— Table  of  experiments  on 
deflection,  16. — Improved  axlebox,  17. 

J5iscM«siott.— Adams,  W.  A.,  17,  18,  19,  20,  25.— De  Bergue,  C,  20,  25. 
— Henson,  H.  H.,  25.-  McConnell,  J.  E.,  18,  19,  25,  20.— Ramsbottom,  J., 
26.— Robinson,  H.,  25.— Ross,  J.,  18.— Slate,  A.,  20.— Smith,  H.,  18.— 
Stephenson,  R.,  17,  18,  19,  26.— Wright,  H.,  19,  25.— Wright,  J.,  17,  18, 
19,  26. 
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Springs,  Paper  on  improved  india-rubber  springs  for  railway  engines,  carnages, 
&c.,  by  W.  G.  Craig,  1853,  45.— Tramplate,  considerable  deflection  under 
load,  46. — Failure  of  steel  springs  for  engines,  &c.,  46. — Description  of 
india-rubber  bearing  springs,  47. — Wagon  springs,  48. — Hydro-pneumatic 
spring.  48. — Pneumatic  buffer,  49. — Advantages  of  india-rubber  springs, 
49. — Weight  of  india-rubber  and  of  steel  springs,  50. — Table  of  deflection 
of  springs,  52. — Saving  in  cost  of  repairs,  53. 

Discussion. — Adams,  W.  A.,  54. — Allan,  A.,  54,  55. — Clift,  J.  E.,  55  — 
Cowper,  E.  A.,  55. — Craig,  W,  G.,  5.3,  55,  56.— Slate,  A.,  54,  55,  56. — 
Wright,  H.,  53,  56. 

Spbings,  Paper  on  a  new  convex-plate  laminated  spring,  by  J.  Wilson,  1857, 
219. — Great  weight  of  ordinary  laminated  springs,  219. — Description  of  new 
convex-plate  springs,  220. — Centre  clip,  221. — Principle  of  action  of  convex 
plates,  221. — Trials  of  convex-plate  springs,  222. — Spring  with  ends  of 
plates  separated,  222. — Table  of  experiments,  223. — Saving  in  weight, 
224. 

2>tsn<«sww.— Fairbaim,W.,  224,  225, 226.— Fernie,  J.,  225.— ;McConnel], 
J.  E.,  225,  226,— Ross,  J.,  226.— Wilson,  J.,  224,  225. 

Springs,  Paper  on  a  new  construction  of  railway  springs,  by  T.  Hunt,  1858. 160. 
— Separate  action  of  each  plate  of  laminated  spring,  160. — Experiments 
on  various  forms  of  new  spring,  161. 

i)/s<?«««i<?w.— Allan,  A.,  162,  163,  164,  165.  — Cowper,  E.  A.,  163.— 
Laybourn,  R.,  165. — Prideaux,  T.  S.,  165. — Spencer,  T.,  164. — Tomlinson,  J., 
163.— Whitworth,  .J.,  163,  165. 

Spring  and  Axlebox,  Paper  on  an  improved  spring  and  axlebox  for  railway 
carriages,  by  W.  B.  Adams,  1855,  163. — Action  of  springs,  163. — Ordinary 
laminated  spring,  164.— Improved  spring,  164. — Slots  for  keeping  plates 
parallel,  done  away  with,  165. — Tapered  plates,  165. — Reversed  spring, 
166.— Axlebox,  166.— Results  of  trials,  167. 

i)i5C?m(o;i.— Adams,  W.  B.,  168,  169,  170.  — Fah-baim,  W.,  168,  169, 
170,  171.— Ramsbottom,  J.,  168,  169,  170. 

Stablefobd,  W.,  elected  Member,  1862,  20. 

Stabler,  J.,  elected  Member,  1869,  276. 

Stamps,  Pneumatic,  Husband's,  particulars  of  working,  1873,  143. 

Staniforth,  R.,  elected  Member,  1848, 

Starting  Apparatus,  Paper  on  a  hydraulic  starting  apparatus,  by  P.  R. 
Jackson,  1848,  Apl.,  12. — Contrivances  for  connecting  and  disengaging 
heavy  machinery  without  sudden  ."^hocks,  12. — Bodmer's  plan  with  levers 
and  segments  lined  with  copper,  12. — Hydraulic  pressure  applied  to 
segments,  12. — Construction  and  action  of  hydraulic  starting  apparatus, 
12. — Safety-valve  to  prevent  too  great  pressure,  12, — Segments  withdrawn 
out  of  contact  bv  vacuum.  13. 
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Starting  Apparatus  (contiuued). 

Discussion. — Cowper,  E.  A.,  13,  14,  15.  —  Crampton,  T.  K.,  14.  15. — 
Fothergill,  B.,  13,  14,  15.— Jackson,  P.  R.,  13,  15.— McConnell,  J.  E.,  13, 
14,  15.— Slate,  A.,  14.— Stephenson,  G.,  13,  15. 

Staktino  Apparatus,  Paper  on  a  starting  and  disengaging  apparatus,  by 
J.  Hick,  1849,  Jan.,  16. —  Modifies  sliock  of  sudden  connection  or 
disconnection  of  driving  power,  16. — Means  of  instantaneous  disconnection 
to  prevent  accidents.  17. — Expanding  segments  pressed  out  by  right-and- 
left-handed  screws,  18. — Segments  lined  with  copper  for  renewal,  18. — 
Modifications  of  apparatus,  19. 

Z>isc?«m».— Buckle,  W.,  20.— Cowper,  E.  A.,  20.— Fothergill,  B.,21.— 
Hodge,  P.  E.,  21.— McConnell,  J.  E.,  20,  21.— Slate,  A.,  21. 

Station  Buffer.    See  Buffer,  1848,  July,  17,-1849,  Jan.,  10. 

Steam  Boiler.    See  Boiler. 

Steam  Break.    See  Break,  1859,  230.-1870,  21. 

Steam  Condensation.    See  Condensation,  1850,  Jan.,  31. 

Steam  Condenser,    See  Condenser. 

Steam  Corn  Mill,  Floating.    See  Corn  Mill,  1858,  155. 

Steam  Crane.    See  Crane,  1859,  168,  238. 

Steam  Cultivation.    See  Agricultural. 

Steam  Dash  Wheel.    See  Dash  Wheel,  1856,  239. 

Steam  Dredgers.    See  Dredgers,  1864.  147.-1867,  192. 

Steam  Engine.     See  Engine. 

Steam  Engine  Governor.    See  Governor. 

Steam  Expansion.    See  Expansion,  1849,  July,  21. 

Steam  Hammer.    See  Hammer. 

Steam  Isolated,  Expansion  of.     See  Expansion,  1852,  131. 

Steam  Jet,  Paper  on  a  steam  jet  for  exhausting  air  &c.,  and  the  results  of  its 
application,  by  C.  W.  Siemens,  1872,  97. — Description  of  improved  steam 
jet,  98. — Conclusions  from  experiments,  99. — Giffard's  injector,  99. — 
Zeuner's  experiments  on  steam  jet,  100. — Tables  of  results  of  experiments, 
101,  102.  —  Pneumatic  despatch  tubes,  103.  —  Raising  water,  105. — 
Evaporation  of  sugar,  107. — Blower  for  gas  producers,  109. 

Discussion. — Fenby,  J.  B.,  114. — Olrick,  L.,  112. — Robinson,  J.,  116. — 
Siemens,  C.  W.,  110,  113,  115. 

Steam  Pile  Driver.    See  Pile  Driver, 

Steam  Pressure  Gauge.    See  Pressure  Gauge. 

Steam  Pump,  Direct-Acting.     See  Pump,  1852,  174. 

Steam  Railway  Break.    See  Break,  1859,  230.— 1870,  2i. 

Steam  Riveting  Machine.  See  Riveter,  1856,  134.— 1865,  129.— 1872, 
195,  196. 

Steam  Road  Roller.    See  Road  Roller.  1869,  101.— 1870.  lO'.i. 
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Steam  Steering  Engine.    See  Steering  Engine,  1867,  267. 

Steam,  Superheated,  Paper  on  the  application  of  superheated  steam  in 
marine  engines,  by  J.  Penn,  1859, 195. — Howard's  first  trial  of  superheated 
steam,  195.  —  Source  of  advantage  in  superheating  steam,  196. — 
Superheating  steam  better  than  using  steam-jacket,  197. — Description  of 
superheating  apparatus,  198. — Saving  from  use  of  superheating  apparatus, 
199. — Mode  of  construction,  199. — Provision  against  accidents,  200. 

2)(SCKSsio;i.— Adamson,  D.,  207. — Cowper,  E.  A.,  203,  208.— Everitt, 
G.  A.,  207.— Fothergill,  B.,  209.— Fryer,  A.,  208.— Harman,  H.  W.,  202.— 
Joy,  D.,  206.— Longridge,  E.  B.,  206.— Maudslay,  H.,  209.— Morrison,  R., 
205,  206,  207.— Penn,  J.,  201,  202,  205,  206,  207.— Spencer,  J.  F.,  203, 
210.— Ward,  W.  S.,  202. 

Steam,  Superheated,  Paper  on  the  application  of  superheated  steam,  by  J.  N. 
Ryder,  1860,  22.  —  Parson  and  Pilgrim's  arrangement  for  superheating, 
22, — Saving  from  use  of  superheated  steam,  23. — Chemical  experiments 
on  superheated  steam,  23. — Patridge's  superheating  apparatus,  25. — 
Economy  of  superheating,  96. — Area  of  superheating  surface,  26. — 
General  advantages  of  superheating,  27. 

Z'isfwssfo;}.— Bramwell,  F.  J.,  30,  31,  37.— Cowper,  E.  A.,  29,  31.— 
Johnson,  W.  B.,  29,  31,  37.— Kennedy,  J.,  37,  38.— Markham,  C,  29.— 
Maudslay,  H.,  33.— Pilgrim,  T.,  36,  37. — Robinson,  J.,  30. — Siemens, 
C.  W.,  30.— Wethered,  J.,  35,  38. 

Steam  Travelling  Crane.    See  Crane,  1854,  96. 

Steavenson,  a.   L.,   Cleveland  Iron   District,   Fowler's    clip-drum    used   for 
pumping,  1871,  197. — Guibal  fan  for  ventilating,  197. 
Ventilation  of  Mines,  principle  of  varying  capacity  superior  to  centrifugal 
action,  1869,  149. 

Steel,  Bessemer,  Paper  on  the  manufacture  of  cast  steel  and  its  application 
to  constructive  purposes,  by  H.  Bessemei,  1861,  133.— Early  manufacture 
of  cast  steel,  133. — Process  of  making  ordinary  steel,  134. — Imperfections 
of  malleable  iron,  135. — Conditions  requisite  for  general  use  of  steel, 
136. — Process  of  making  Bessemer  steel,  137. — Lining  of  converter, 
137. — Process  of  conversion,  138.  — Casting,  139. — Loss  on  weight  of 
crude  iron,  140. — Experiments  on  tensile  strength,  141. — Steel  plates  for 
boilers  and  fireboxes,  142. — Application  to  manufacture  of  ordnance, 
144. — Cost  of  steel-making  plant,  145. 

Discussion. — Adamson,  D.,  149,  153. — Armstrong,  Sir  "W.  G.,  146,  148, 
154,  157.— Bes.semer,  H.,  146,  149,  152,  155.— Fothergill,  B.,  151.— 
Harman,  H.  W.,  151.  —  Longsdon,  R.,  157.— Maudslay,  H,,  153. — 
Richardson,  W.,  150,  151. 

Steel  Manufacture,  Paper  on  improvements  in  steel  manufacture,  and  its 
application  to  railway  and  other  purposes,  by  T.  W.  Dodds,  1857,  162.— 
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Steel  Manufacture  (continued). 

Ordinary  process  of  conversion,  162. — New  process  of  conversion,  163. — 
Processes  for  hardening  surface  of  articles,  163.— Saving  to  be  effected 
by  steeling  surface  of  railway  bars,  164. — Description  of  converting 
furnace,  166. — Various  applications  of  process,  167. 

Discussion.— Bodds,  I.,  170.— Dodds,  T.  W.,  168,  169,  170,  171.— 
Humber,  W.,  170, 171.— Lloyd,  Samuel,  Jun.,  169,  171.— McConnell,  J.  E., 
168,  169.— Kamsbottom,  J.,  168.— Whitwortb,  J.,  168,  169,  171, 

Steel  Kails  and  Aemoue  Plates,  Pajje?'  on  the  manufacture  of  steel  rails 
and  armour  plates,  by  J.  Brown,  1861,  121.  —  Iron  rails  with  hardened 
tops,  121.  —  Manufacture  of  rails  from  Bessemer  steel,  122.  —  Armour 
plates,  123. — Polled  plates  superior  to  hammered,  124. — Sizes  of  armour 
plates,  124. — Mode  of  manufacture,  124. — Arrangement  of  plate  mUl,  125. 
discussion.— Armstrong,  Sir  "W.  G.,  126,  128, 130.— Brown,  J.,  126, 127, 
128,  129,  130.— Cochrane,  A.  B.,  128.— Fenton,  J.,  127.— Fothergill,  B., 
128.— Kennedy,  Col.,  127,  128,  129.— Lloyd,  Sampson,  127.— Williams,  P., 
128. 

Steel,  Strength  of,  Pajyer  on  the  strength  of  steel  containing  diff^nt 
proportions  of  carbon,  by  T.  E.  Vickers,  1861,  158. — Tensile  strength, 
mode  of  testing.  158. — Table  of  experiments,  159. — Transverse  strength, 
160. — Table  of  experiments,  161. — Further  experiments  on  steel  and  iron 
axles,  162. — Steel  less  injured  by  constant  vibration  than  iron,  163. — 
Transverse  and  tensile  strength  of  various  steels,  164. — Steel  bells  not 
rendered  brittle  by  frost  like  bronze  bells,  164.  —  Experiments  on  steel 
disc-wheels,  165. — Specific  gravity  of  steels,  165. 

Disctission.—krm&irong,  Sir  W.  G.,  168,  169.— Fothergill,  B.,  168.— 
Kennedy,  Col.,  168.— Maudslay,  H.,  167.— Piley,  E.,  169.— Vickers,  T.  E., 
167,  168,  169.— Williams,  P.,  168. 

Steel  Tybes,  Banks',  Paper  on  Banks'  steel  tyres,  by  B.  Fothergill,  1848, 
Apl.,  21. — Comparative  cost  and  durability  of  Staffordshire  tyres  steeled 
and  Low  Moor  tyres,  21. — Results  of  steeling  tyres  a  second  time,  21. — 
Steel  segments  inserted  in  groove  turned  in  tyre  when  wheel  re-turned, 
21. — Durability  of  steeled  tyres  on  locomotive,  21. 

Discussion. — McConnell,  J.  E.,  22. — Peacock,  P.,  22. — Ramsbottom,  J., 
22.— Stephenson,  G.,  22. 

Steel  Tyres,  Manufacture  of.  Paper  on  an  improved  mode  of  manufacture 
of  steel  tyres,  by  J.  Ramsbottom.  1866,  186. — Mould  for  casting,  186. — 
Horizontal  duplex  hammer,  187. — Punching  centre  hole,  188. — Swing 
frame,  189.— Hammering  on  beck  anvil,  189. — Polling.  190. — Rapidity  of 
production,  190. — Saving  of  waste  of  material,  191. — Strength  of  tyres,  192. 
Discussion. — Ashbury,  J.  L.,  192. — Bramwell,  F.  J.,  196. — Fairbairn,W., 
196.— Kennedy,  Col.,  192.— Ramsbottom.  J.,  193. 196.— Whitworth,  J.,  197. 
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Steel,  Uchatius,  Paper  on  the  manufacture  of  the  Uchatius  cast  steel,  by 
T.  Spencer,  1858,  146. — Comparison  of  steel  with  wrought  iron,  &;c.,  146. 
— Converting  process  of  making  steel,  147. — German  puddling  process, 
148. — Uchatius  process,  148. — Granulating  tank,  148. — Action  in  crucible, 
149. 

Bisctissiofi. — Anderson,  J.,  153. — Cowper,  E.  A,,  153. — Fairbairn,  W., 

150,  151,  154.— Lenz,  A.,  152,  153.— Pilkington,  E.,  154.— Prideaux,  T.  S., 

151.  -  Smith,  W.,  152.-Spencer,  T.,  150,  151,  154.— Whitworth,  J.,  150, 
151,154. 

Steerikg  Engine,  Steam,  Paper  on  the  steam  steering  engine  in  the  Great 
Eastern  steamship,  by  J.  M.  F.  Gray,  1867,  267. — Inefficiency  of  hand 
steering,  267. — Conditions  required  for  Great  Eastern  steering  apparatus, 
270. — Description  of  steering  gear,  270, — Engine,  271. — Automatic  stop- 
valve,  271. — Action  of  steering  wheel,  272. — Eesistance  to  sudden  strain, 
273. — Eudder  indicator,  274. — Safety  clutch  for  connecting  the  steering 
wheel,  275.— Shafting,  276. — Prevention  of  accumulation  of  water  in 
cylinders,  277. — Gear  connecting  engine  to  rudder-shaft,  277. — Great 
success  of  steering  engine,  278. 

Biscvssion.—BY&mweW,  F.  J.,  281,  285,  286,  287.— Cowper,  E.  A.,  283.— 
Gray,  J.  M.  F.,  281,  283,  284,  285,  286,  287.— Naylor,  W.,  282.— Siemens, 
C.  W.,  279,  285. 

Stenson,  F.,  elected  Member,  1869,  276. 

Stenson,  W.,  elected  Member,  1855,  97. 

Stenson,  W.  T.,  elected  Member,  1868,  212. 

Stephen,  J.,  Boiler,  Pajjer  on  a  steam  boiler  with  combined  internal  and 
external  furnaces,  1856,  213. 

Stephens,  J.  C,  elected  Member,  1866,  103. 

Stephenson,  George,  Original  Member,  1847.  —  President,  1847.  — 1848. — 
Decease,  1848,  Oct.,  3. 
Monument  to,  1852,  34. 

Notice  of  the  life  and  character  of  the  late  George  Stephenson,  first  President 
of  the  Institution,  by  J.  S.  Eussell,  1848,  Oct.,  3.  —  Introduction  of 
locomotives  upon  railways  due  chiefly  to  original  genius  of  George 
Stephenson,  4. — Valuable  results  of  his  practical  self-education,  4. — His 
original  invention  of  the  safety  lamp,  5. — Chief  inventor  of  locomotives 
and  railways,  6. — Continuous  wrought-iron  rail  necessary  for  speed  of 
locomotives,  7. — Disadvantages  from  want  of  early  scientific  training,  8. — 
Eminently  a  practical  man,  but  also  a  bold  theorist,  8. — Special  attention 
to  scientific  education  for  his  son  Eobert,  9.  —  Number  of  his  pupils 
distinguished  in  the  profession,  10. 

Discussion. — Fothergill,  B.,  11,  12. — Geach,  C,  10. — McConnell,  J.  E., 
12. 
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Stephe>"son,  George  (continued). 

Rotary  Engine,  Pajyer  on  the  fallacies  of  the  rotary  engine,  1848,  July,  3.— 
Failure  of  Beale's  rotary  engine  in  steamboat  at  Yarmouth,  5. 

Safety  Buffer,  momentum  of  train  must  be  taken  up  somewhere  and  cause 
shock,  1848,  Apl.,  20. 
Stephenson,  G.  E..  elected  Member,  1868.  43. 

Stephenson,  Egbert,  Original  Member,  1847. — President,  1849,  Jan.,  7. — 
1850,  Jan.,  4.— 1851,  Jan.,  8.— 1852,  8.— 1853,  7. -Decease,  1860,  2. 

Decease,  notice  of,  1859,  245. 

Expansion  in  Locomotives,  experiment  showing  importance  of  keeping 
cylinder  heated,  1852,  84.— Locomotive  with  cylinders  inside  smokebox, 
85. 

Institution,  donation  of  £100,  1850,  July,  3. 

Nasmyth  Girders,  cast  iron  better  than  wrought  iron  for  employment  as 
arch,  1849,  Oct.,  30.— Parallel  box  preferable  to  arch  form  for  uniform 
leverage  of  compression  and  tension,  31. 

Permanent  Way,  important  consideration  whether  limit  of  crushing  resistance 
is  reached  in  rails,  1849,  Apl.,  30.  — Serious  objection  if  rail  requires 
taking  out  for  replacing  a  broken  chair,  31. 

Eailway  Axles,  doubt  whether  fibrous  iron  is  changed  to  crystalline  \>j 
vibration,  1849,  Oct.,  22. — Experiments  on  axles  by  slow  pressure  do  not 
correspond  to  strain  from  violent  blows  on  rails,  22.  —  Importance  of 
element  of  time  in  fracture  by  concussion,  23.  —  Axles  broke  generally 
close  to  wheel  from  sudden  change  of  elasticity  at  that  point,  23.  — 
Wrought  iron  shown  to  be  elastic  like  india-rubber,  by  stretching  and 
recovery  of  lifting  bars  for  Britannia  tubular  bridge,  25.  —  Iron  cooled 
suddenly  acquired  crystalline  grain,  but  if  rolled  while  cooling  became 
fibrous,  26. 

Railway  Axles,  no  difference  in  structure  perceptible  under  microscope, 
between  fibrous  and  crystalline  iron,  1850,  Apl.,  6. — Fracture  of  axles 
illustrated  by  vibrating  string,  7.— Tensile  strength  of  crystalline  boiler 
plates  used  in  Britannia  bridge,  greater  than  that  of  fibrous  plates,  10. — 
Testing  machines  for  tensile  strength  liable  to  error,  10.  —  Limit  of 
elasticity  of  bar  iron,  11.  —  Hydraulic  press  liable  to  error  in  testing 
tensile  strength,  13.— Experiments  on  ultimate  strength  of  wrought  iron,  13. 

Railway  Chair,  tendency  to  split  ends  of  rails,  1853,  16. —  Joint  chair, 
desirable  to  have  few  parts,  1849,  Apl.,  6.  — Great  importance  of  some 
secure  fastening  for  railway  chairs,  6. 

Remarks  as  President,  1849,  Apl.,  3.— Want  of  energy  hitherto  for 
development  of  mechanical  arts  and  sciences,  3.— Necessity  for  members 
to  co-operate  with  energy  in  sustaining  the  Institution,  41.  —  Remarks, 
1853,  6.  8. 


Stephenson,  Robert  (continued). 

Wrought-Iron  Wheel,  preferable  for  tyre  to  be  separate,  because  less  durability, 
1849,  Apl.,  18. — Wrought-iron  wheels  better  than  cast-iron  for  rapid 
railway  travelling,  19. — Rails  on  rigid  block  road  wear  much  faster  than 
on  elastic  road,  and  tyre  likely  to  wear  faster  on  rigid  wheel,  19. — Solid 
wheel  very  good,  and  a  triumph  in  forging,  20. 

Stevensox,  J.,  elected  Member,  1866,  103. 

Stevenson,  E.,  elected  Member,  1867,  60. 

Stewart,  C.  P.,  elected  Member,  1859,  248.— Council,  1862,  13.— 1865,  19.— 
1868,  19.-1871,  20.— 1873,  24. 
Screwing  Machine,  Paper  on  Sellers'  screwing  machine,  1861.  231. 

Stewart,  J.,  elected  Member,  1851,  Apl.,  45, 

St.  George's  Hall,  Liverpool,  Mechanical  Ventilation  and  Warming.  See 
Ventilation,  Mechanical,  1863,  194. 

Stirling,  J.  D.  M.,  Iron  Manufacture,  Paper  on  iron  and  some  improvements 
in  its  manufacture,  1853,  19. — Alloy  of  brass  and  iron,  28. — Wheel  t3'res 
made  of  compound  bloom,  with  hard  wearing  surface,  30. — Rails  with 
hardened  surface,  31. — Cost  of  toughened  cast-iron,  33. 

Stirling,  P.,  elected  Member,  1867,  234. 

Stokes,  C.  L.,  elected  Member,  1857,  11. — Decease,  1865,  2. — ilemoir,  17. 

Stokes,  J.  F.,  elected  Member,  1864,  59. 

Stone- Breaking  Machine,  Blake"s,  Paper  on  a  machine  for  breaking  limestone 
and  ore  at  Kirkless  Hall  Iron  Works,  by  J.  Lancaster,  1864,  20. — 
Description  of  machine,  20. — Toggle-joint,  20. — Adjustment  of  movable 
jaw,  21. — Working  speed,  22. — Cost  of  working,  22. 

i?isc?«s;o?i.— Cowper,  E.  A.,  24,  29,  31.— Lancaster,  J,,  24,  28,  29.— 
Lloyd,  Samuel,  29.— Lloyd,  W.,  28,  29.— Marsden,  H.  R.,  24,  25,  26,  27, 
28,  29,  30,  32.— Napier,  R.,  23,  24,  25,  26,  28,  30,  32.— Ramsbottom,  J., 
31.— Wilson,  J.  C,  27. 

Stone- Crushing  Machinery,  Paper  on  machinery  for  crushing  stone  for 
macadamising  roads,  by  C.  G.  Mountain,  1860,  234. — Experimental 
crushing  machine,  235. — Experiments  on  A'arious  forms  of  crushing 
rollers,  236. — Arrangement  of  mill  and  machinery  finally  erected,  238. — 
Feed  apparatus,  238. — Elevator  and  riddle  for  crushed  stone,  239. — 
Details  of  second  permanent  mill  and  machinery,  240. —  Durability  of 
crushing  rolls,  241. — Proportions  of  finished  stone,  gravel,  &:c.,  produced, 
242. — Consumption  of  coal,  242. — Indicator  diagrams,  242. 

Discussion. — Cowper,  E.  A.,  245. — Dunn,  T.,  244. — Fernie,  J.,  245. — 
Kennedy,  J.,  246.— Lloyd,  Samuel,  246.— Mountain,  C.  G.,  244,  245,  246.— 
Richardson,  W.,  244.— Wrigley,  F.,  245. 

Stonehoxjse.  M..  elected  Member,  1873,  250, 
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Storet,  J.  H.,  elected  Member,  1863,  58. 

Indicator,  Continuous,  Paper  on  Ashtou  and  Storey's  steam-power  meter  and 
continuous  indicator,  1871,  75. 
Storey.  T.  R..  elected  Honorary  Member.  1863.  247. 

Stoves,  Hot-Blast.    See  Hot-Blast  Stoves,  1859,  82.— 1860,  54.— 1870, 62, 9i. 
Strength  of  Steel.    See  Steel,  1861, 158. 
Strong,  J.  F.,  elected  Member,  1854,  79.— Re-elected,  1862,  314. 

Railway  Bridge  Piers,  Paper  on  the  apparatus  used  for  sinking  piers  for  iron 
railway  bridges    in    India,   1863,    16.  — Dredgers    not    successful   for 
excavating  sand  inside  cylinders,  25. — Cost  of  sinking  cylinders,  26. — 
Great  depth  of  sand,  27.— Failure  of  cylinders  while  sinking  in  heavy 
flood,  27.— Great  strength  of  brickwork,  28.— Experiment  on  supporting 
power  of  sand,  30, 
Stroudley,  W.,  elected  Member,  1865,  54. 
Struve"s  Ventilating  Machine.  1869,  79,  146. 
Strype,  W.  G.,  elected  Member,  1873,  88. 

Stubbs,  T.,  elected  Member,  1870,  61.— Decease,  1871,  2.— Memoir,  18. 
Subjects  for  Papers.     See  Papers,  Subjects  for. 

Submarine  Telegraph  Cables.    See  Telegraph  Cables,  1862,  211.-1867, 20. 
Suez  Canal  Dredgers.     See  Dredgers  for  Suez  Canal,  1867,  192. 
Sugar  Evaporator,  Paper  on  an  improved  sugar  evaporating  apparatus,  by 
R.  Harvey,  1856,  179.— Battery  evaporator,  179.— Description  of  Bour 
pan,  179.— Wetzel  pan,  180.— Rapidity  of  boiling  with  Bour  pan,  181. 

2)/sc?miaw.— Harvey,    R.,    181,    183.  — Johnstone,    J,,    182,    184.— 
Whitworth,  J.,  184. 
Summer  Meetings  of  Institution  :— 
Birmingham,  1860,  89. 
Cornwall,  1873,  87. 
Dublin,  1865,  101. 
Glasgow,  1856,  125.-1864,  121. 
Leeds,  1859,  133.— 1868,  103. 
Liverpool,  1863,  113.— 1872,  119. 
London,  1851,  June,  3.-1862,  93. 
Manchester,  1857,  85.— 1866,  103. 
Middlesbrough,  1871.  117. 
Newcastle,  1858,  125.— 1869,  119. 
Nottingham,  1870,  125. 
Paris,  1867,  59. 
Sheffield,  1861,  109. 
Sumner,  W.,  elected  Member,  1861,  53. 

Superheated  Steam.    See  Steam,  Superheated,  1859,  195.— 1860.  22. 
Surface  Condenser.    See  Condenser,  Surface. 
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Suspension  Beidge.    Sec  Bridge,  1847,  Oct.,  1.— 1870,  249. 
Sutton,  W.,  elected  Honorary  Member,  1853,  45. 
SWANN,  J.  V.  R.,  elected  Member,  1870,  126. 
Swindell,  J.  E.,  elected  Member,  1860,  90. 

Blast  Furnaces,  dimensions  of  Staffordshire  furnaces,  1864,  176. — Failure 

of  plan  for  combustion  of  gas  in  furnace  throat,  181.— Tensile  strength 

of  cold-blast  cast-iron,  183. 
Swindell,  J.  S.  E.,  elected  Member,  1864,  121. 

Ventilating  Fan,  Paper  on  Guibal's  ventilating  fan  employed  at  the  Homer 

Hill   Colliery,   1869,  78.— Particulars  of  working  of  Guibal  fan,  92.— 

Closing  top  of  ventilating  shaft,  97. 
Ventilation  of  Mines,  working  of  Guibal  fan  at  Homer  Hill  Colliery,  1869. 

149. 
Swinglee,  H.,  elected  Member,  1867,  60. 
Swingles,  T.,  elected  Member,  1859,  97. 
Switch.     See  Eailway  Switch. 
Symington,  W.  W.,  elected  Member,  1872,  119. 

T. 

Tangye,  J.,  elected  Member,  1861,  14. 

Hydraulic. Shears  and  Punch,  Paper  on  a  hydraulic  shears  and  punch,  1862 

341.— Durability  of  cutters  of  shears,  345. — Weight  and  lifting  power  of 

jack,  346. 
Tannett,  T.,  elected  Member,  1859,  54. 
Tayleub,  E.,  Original  Member,  1847. 
Tayloe,  C.  D.,  elected  Member,  1873,  250. 

Tin  Stream  Works,  Paper  on  the  Tin  Stream  Works  in  Eestronguet  Creek, 

near  Truro,  1873,  155. 
Taylor,  G.,  elected  Member,  1861,  211. 
Tayloe,  G.,  Jun.,  elected  Member,  1859,  97. 
Taylob,  James  (Birkenhead),  elected  Member,  1858,  266. 
Tayloe,  James  (Leeds),  elected  Member,  1858,  45.— Decease,  1860.  2. 
Tayloe,  Job,  Coal,  South  Staffordshire   Thick,  yield  of  coal  per  acre,  1860, 

117. — "  Long  wall  "  working  as  liable  to  accidents  as  "  rib  and  pillar,"  118. 
Tayloe,  John  (Manchester),  elected  Member,  1849,  Jan.,  9. 
Tayloe,  John  (Nottingham),  elected  Member,  1873,  88. 
Tayloe,  John,  Jun.,  elected  Member,  1862,  47. 
Tayloe,  Joseph,  elected  Member,  1867,  234. 
Tayloe,  R.,  elected  Member,  1862,  314. 

Engines,  Portable,  for  Mining,  Cornish  engines  often  moved  from  mine  to 

mine.   1873,   184. — Portable  engines  useful  for  temporary  work,  but 
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Taylok,  K.  (continued). 

condensing  engines  better  for  regular  work,  185. — Much  earthy  matter  in 
Cornish  mine  coal,  185. — Dressing  of  ashes  at  Pontgibaud,  186. — Very 
high   duty    of   Cornish   engines   at   Gwennap,    190. — Single-flued  boiler 
better  than  double-flued,  190. 
Mining  District  of  Cornwall,  metallic  minerals  chiefly  at  junction  of  granite 
and  killas,  1873,  109.— Lodes  contain  mostly  tin  at  greater  depths,  even 
though  copper  above,  110. — No  practical  limit  to  depth  of  mines,  110. — 
Great  heat  in  lower  levels  of  deep  mines,  110.— Lead  mines  of  district 
not  thoroughly  worked  yet.  111. — Iron  mines  yielding  brown  hematite 
now  becoming  important,  112. — Origin  of  cavities  in  lodes,  116. — Change 
of  position  of   cavity  from  falling  in  of  roof,   117. — Cornish   iron   ore 
must  be  stamped  and  washed  to  get  rid  of  silicious  matter,  117. 
Ore-Dressing  Machinery,  Cornish  ore-dressing  till  recently  very  crude,  1873, 
1.37. — Erection   of  first  jigging   and   crushing  machines,    138. — Blake's 
stone-breaker  cheaper  in  work  than  cylinder  crushers,  139. — Husband's 
pneumatic  stamps  a  great  improvement,  139. — Important  not  to  stamp 
tinstuflf  finer  than  necessary,   140. — Removal  of  iron   pyrites   from   tin 
ore  by  calcining,  140. — Collom's  jigger  very  useful  for  lead  and  copper 
ores,  141. — Propeller-knife  huddle  very  economical  and  efficient  for  lead 
and  tin  ores,  141. 
Tin  Stream  "Works,  ancient  stream  works,  1873,  162.— Former  attempts  at 
working  under  Restronguet  Creek,  163. —  Same  trams  used  throughout 
workings  and  drawn  to  surface,  164.  —  Dressing  the  tin-gravel,  164. — 
Success  of  Collom's  jigger  and  of  propeller-knife  huddle,  165.— Application 
to  lead  dressing,  166. 
Taylor,  S.,  elected  Member,  1868,  104.— Decease,  1872,  2.— Memoir,  21. 
Taylor,  T.  J.,  elected  Member,  1858,  266.— Decease,  1862,  3.— Memoir,  18. 
Mining  Machinery,  Paper  on  the  progressive  application  of  machinery  to 
mining  purposes,  1859,  15. — Cost  of  maintenance  of  rope,  and  of  raising 
coal   from   different    depths,   35.  —  Difiiculty   of    applying   mechanical 
ventilators  instead  of  furnaces,  37.  —  Great  difference  in  value  of  slack 
coal,  41. 
Taylor  Water  Meter.    See  ^yater  Meter,  1853,  142. 
Teague,  W.,  elected  Member,  1872,  119. 

Teeth  of  Wheels,  Paper  on  the  formation  of  the  teeth  of  the  drivers  of  pin 
wheels,  by  F.  Bashforth,  1848,  Apl.,  4.— Revolving  cutter  to  shape  teeth, 
4.  —  Cutter  same  size  as  pins  of  pin-wheel,  4.  —  Pins  made  with  external 
revolving  tube.  4. 

JDiscnssion.  —  Buckle,  W.,  5. — Cowper,  E.  A.,  5.  —  Fothergill,  B.,  5. — 
McConnell,  J.  E.,  4,  5, 
Telegraph  Cables,  Paper  on  the  construction  of  submarine  telegraph  cables, 
bv   F.  Jenkin,   1862,   211.  —  General    construction    of    cables.    211. — 


T.  197 

Telegraph  Cables  (continued). 

Conductivity  of  copper  wire,  211.  —  Copper  conducting  strand,  213. — 
Gutta-percha  and  india-rubber  for  insulating,  214.  —  Serving  with  hemp 
yarns,  and  sheathing  with  iron  wire,  217.  —  Examples  of  cables,  218. — 
Siemens  cable,  219. — Sheathing  machine,  220. — Strength,  &c.,  of  cables, 
221.— Tables  of  cables  already  laid,  224,  22.5. 

I)iscnssio7i.—AvmstTong,  Sir  W.  G.,  226,  228,  229,  241.— Cowper,  E.  A., 
230,  232.  — Everitt,  G.  A.,  232.  —Grantham,  J.,  233.  — Haggle,  P.,  236.— 
Hawksley,  T.,  237.— Jenldn,  F.,  226,  232,  235,  239.- Pole,  W.,  235,  237.— 
Russell,  J.  S.,  231,  235.— Russell,  N.  S.,  230.— Shears,  W.,  230.— Siemens, 
C.  W.,  226,  227,  228,  229,  232,  234,  236,  237  —Smith,  A.,  234. 

Telegkaph  Cable  Covering  Machine.  See  India-rubber  Covering  Machine, 
1860,  137. 

Telegraph  Machinery,  Paper  on  the  paying-out  and  picking-up  machinery 

employed  in  laying  the  Atlantic  telegraph  cable,  by  G.  Elliot,  1867,  20. 

Disposition  of  cable  on  board  "Great  Eastern"  steamship,  20.  —  Tanks, 
21.  —  Coiling  cable  into  tanks,  21,  — Length  of  cable,  22.  —  Paying-out 
machinery,  22. — Self-adjusting  friction  breaks,  24. — Dynamometer,  25. — 
Picking-up  motion  of  paying-out  drum,  26.  —  Length  of  cable  paid  out 
and  time  of  laying,  28.  —  Picking-up  machinery  for  broken  1865  cable, 
29.  —  Calculated  picking-up  in  single  bight,  30.  —  Grapnel,  31. — 
Dynamometer,  31. — Picking-up  machine,  31. — Process  of  grappling,  33. — 
Failure  of  first  raising,  34. — Actual  successful  raising,  34. 

Discussion. — Cowper,  E.  A.,  42. — Fairbairn,  W.,  39, 41.  —  Penn,  J.,  44. — 
Siemens,  C.  W.,  35,  40.— Wright,  J.  T.,  40.- Wynne,  F.  G.,  42. 

Telescope,  Equatorial,  Paper  on  an  equatorial  motion  for  telescopes,  by 
T.  Richards,  1855,  137,  —  Ordinary  arrangement  of  equatorial  telescope, 
137. — Description  of  new  arrangement,  138. — Adjustment  by  finder,  138. — 
Water  tioat  for  traversing  telescope,  139. 

Discussion.— Ho^ge.V.'R.,  144.— Hoijkins,T.,142, 143.-Lloyd,  S.,  Jun., 
144,  — McConnell,  J.  E.,  142,  14.3,  144.  — Osier,  A.  F.,  143.— Wills,  W,  R., 
144. 

Tennant,  C,  elected  Member,  1864,  271. 

Tennant,  J.,  elected  Honorary  Member,  1864,  271. 

Thierry,  E.,  elected  Member,  1860,  14. 

Thomas,  J.  L.,  elected  Member,  1867,  19. 

Thomas,  T.,  elected  Member,  1864.  121. 

Thompson,  I.,  elected  Member,  1848,  July,  20. 

Thompson,  J.,  elected  Member,  1851,  July,  45. 

Thompson,  J.  T.,  elected  Member,  1857,  232, 

Thompson,  R.,  elected  Member,  1857,  11, 

Thompson,  T.  J.,  Gas  Lighting  for  Trains,  no  danger  of  water  splashing  over 
from  gasholder.  1857,  254. — Cost  of  gas.  257. 
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Thompsox,  \V.,  elected  Member,  1862,  93. 

Marine  Engines,  single-cylinder  engines,  great  shock  on  valve  gear,  1872, 
164:.  —  Compound  engine  with  cylinders  coupled  at  120°,  165.  —  No  great 
advantage  from  use  of  steam-jacket  or  expansion  valves,  174. 
Thomson,  D.,  Double-Cylinder  Pumping  Engines,  Paj)er  on  double-cylinder 
pumping  engines,  1862,  259.  —  Pressure  at  end  of  stroke  more  than  due 
to  theoretical  expansion,  271.  —  Experiments  on  different  degrees  of 
expansion,  285. 
Thomson,  G-.,  elected  Member,  1852,  191. 

Blast  Furnaces,  length  of  time  materials  are  kept  in  furnace,  1864,  261. 
Thomson,  J.,  elected  Member,  1868,  1U4. 
Thomson,  J.  B.,  elected  Member,  1849,  Apl.,  32. 
Thomson,  W.,  Surface  Condenser,  rapid  stream  of  water  desirable  in  condenser, 

1856,  192. 
Thomson,  W.,  Jun.,  elected  Member,  1858,  12. 
Thomson,  W.  S.,  elected  Member,  1870,  228. 
Thorman,  K.,  elected  Member,  1848. 
Thorn,  A.,  elected  :\1  ember,  1865,  102. 
Thornewill,  R.,  elected  Member,  1868,  104. 
Thorneycroft,  G.  B.,  Axles,  value  of  parallel  axles  in  preventing  deflection  of 

wheels,  1850,  Oct.,  13. 
Thorneycroft,  T.,  elected  Member,  1850,  Jan.,  5. 

Axles,  Paper  on  the  form  of  shafts  and  axles,  1850,  July,  35, 
Supplementary  Paper  on  the  forms  of  railway  axles,  1850,  Oct.,  4. — Danger 
from  axle  bending  at  centre,  6. 
Thornton,  F.  S.,  elected  Honorary  Member,  1864,  271. 
Thornton,  R.,  elected  Member,  1848,  Apl.,  24. 
Thornton,  S.,  elected  Member,  1847. 

Ventilation,  Paper  on  Watson's  ventilating  apparatus  for  buildings,  &c.,  1857, 
259. 
Throttle  Valve,  Allen.    See  Governor,  1873,  47. 
Thurgood,  E.  C,  elected  Graduate,  1871,  65. 
Thwaites,  R.,  elected  Member,  1861,  211. 
Tickle,  J.,  elected  Member,  1865,  219. 
Tiernay,  J.  B.,  elected  Member,  1849,  Jan.,  9. 
TiJOU,  W.,  elected  Member,  1862,  20. 
Tilghman,  B,  C,  Ship  Model  Machine,  chemical  composition  of  paraffin,  1873, 

214, 
Timber,  'Pkeservation,  Paper  on  the  preservation  of  timber  by  creosoting,  by 
J.  E.  Clift,  1851,  Oct.,  10.— Structure  of  wood ;  dry  rot,  10.— Different 
processes  for  preserving,  11.— Action  of  creosote,  11. — Results  of  use  of 
creosoted  timber,  12. — Process  of  creosoting,  13. 
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Timber,  Peeseevation  (continued). 

Z>jsc?mi07t.— Bethell,   J.,  15,  16,  17.— Clift,  J.  E.,  15,  16.— Shipton, 
J.  A.,  17.— Slate,  A.,  16. 

TiMBEE,  Peeseevatiox,  Paper  on  Boucherie's  process  for  the  preservation  of 
timber,  by  J.  Reid,  Jun.,  1856,  196. — Principle  of  process,  196. — Mode  of 
carrying  out,  197. — Preserving  solution,  198. — Conclusions  from  results 
of  process,  199. 

Discussion.— Yoi\Qxg\\\,  B.,  200.— Reid,  J.,  200,  201.— Russell,  J.  S., 
200.— Scott,  M.,  201.— Whitworth,  J.,  200,  201. 

Tin  and  Coppee  Mining.  Se{i  Mining,  Cornwall,  1873,  89.— Ore-Dressing 
Machinery,  119. 

Tin  Smelting  Woeks,  Bolitho's,  1873,  233. 

Tin  Steeam  Works,  Paper  on  the  tin  stream  works  in  Restronguet  Creek, 
near  Truro,  by  C.  D.  Taylor,  1873,  155.— Old  working  in  the  creek,  155. — 
Commencement  of  present  workings,  156. — Sinking  iron  shaft  in  the 
creek,  156. — Arrangement  of  workings,  157. — Heavy  timbering  required, 
158. —  Stripping  or  removing  the  tin  gravel,  158. — Inflammable  gas  given 
off  by  mud  and  tin  bed,  159. — Falling  mud  exhausts  air  very  fast,  159. — 
Ko  water  comes  through  mud  from  the  creek,  160. —  Dressing  the  tin- 
stuff,  160. — Variation  in  thickness  and  produce  of  tin  b'^d,  161. 

Discussion. — Cochrane,  C,   165. — Bramwell,   F.   J.,  166. — Taylor,  R., 
162,  166. 

Tingley  Colliery,  holing  all  done  by  machine,  1868,  158. 

Tipping,  I.,  elected  Member,  1861,  53. 

Tolme,  J.  H.,  elected  Member,  1862,  93. 

Tomkins,  E.,  elected  Member,  1873.  25, 

Tomlinson,  E.,  elected  Member,  1863,  113. 

Tomlinson,  J.,  Jun.,  elected  Member,  1857,  11. 

Boiler,  Cast-Iron,  evaporative  power  of  Miller  boiler,  1871,  274. — Doubtful 

whether  circulating  tubes  of  much  use,  275. 
Coal-Burning  Locomotive,  Paper  on  the  burning  of  Welsh  steam  coal  in 
locomotive  engines,  1858,  274. — Evaporative  duty  less  at   high  speeds, 
286. — Newcastle  coal  requires  more  air  for  combustion  than  Welsh  coal, 
286. — Cost  of  coal  and  of  coke,  287. — Welsh  steam  coal  contains  very 
little  sulphur,  290. — Dimensions  of  firebars,  292. 
Injector,  will  not  raise  supply  water  more  than  5  ft.,  1861,  230. 
Pressure  Gauge,  compressed-air  gauge  very  sensitive  and  reliable,  1859,  184. 
Safety  Valve,  importance  of  periodical  examination  and  cleaning  of  valves, 
1865,  232. 

TONKS,  E.,  elected  Member,  1867,  60. 

Tools,  Heavy,  Paper  on  improvements  in  heavy  tools  for  general  engineering 
and    iron    shipbuilding    work,    by    J.    Fletcher,   1864,    189. — General 
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Tools,  Heavy  (continued). 

improvement  in  tools  and  machinery  of  late  years,  189. — Lathe  for  long 
shafts  and  screws,  192. — Lathe  for  large  crank  shafts,  193. — Planing 
machine,  194. — Duplex  planing  machine,  197. — Slotting  machine,  198. — 
Punching  and  shearing  machine,  199. — Multiple  drilling  machine,  201. — 
Nut-making  machine,  204. — Bolt-heading  machine,  207. 

Dlscnssion.—Adamson,  D.,  214,  222,  224.— Birckel,  J.  J.,  219,  225.— 
Fleet,  T.,  217.— Fletcher,  J.,  209,  210,  211,  212,213,218,219,220,221, 
222,  223,  224,  225,  227.— Kennan,  J.,  211,  219,  220.— Manning,  J.,  222.— 
Maudslay,  H.,  211.— McLellan,  W.,  210.— Napier,  R.,  209,  210,  212,  218, 
220,  225,  228.— Neilson,  W.  M.,  220.— Eichardson,  W.,  221.— Eobson,  N., 
223.— Smith,  W.  F.,  221,  226.— Vernon,  J.,  213,  223. 
Tool  and  Holder,  Paper  on  an  improved  tool  and  holder  for  turning  and 
planing,  by  W,  F.  Smith,  1866,  288. — Round  and  triangular  cutters, 
288. — Objections  to  ordinary  diamond-pointed  tool,  289. — Description  of 
improved  tool  holder,  290. — Angles  of  improved  cutter,  291.— Mechanical 
grinding,  293. — Advantages  of  improved  tool,  294. 

Discussion.— BmmweU,  F.  J.,  302.— Cowper,  E.  A.,  298,  300.— Fenby, 
J,  B.,  299.  — Lloyd,  Sampson,  298,  301,  302.— Murphy,  J.,  298.— 
Robinson,  J.,  300.— Smith,  W.  F.,  298,  299,  300,  301,  302.— Webb,  F,  W., 
300. 
Tool,  Hollow,  Paper  on  an  improved  construction  of  tool  for  turning  metals 
at  increased  speed,  by  W.  Clay,  1872,  288.— Ordinary  turning  at  very 
slow  speed  only,  288. — Ordinary  water  jet  very  inefEectual  for  keeping 
tool  cool,  288.— Description  of  hollow  tool,  289.— Form  of  tool  for 
heavy  cuts,  289.— Great  increase  in  speed  of  working,  due  to  hollow  tool, 
289. 

Discussion.— CUj,  W.,  290,  292.— Siemens,  C.  W.,  292,  293.— Smith, 
W.  F.,  291. 
TOOMEY,  E.,  elected  Member,  1865,  219. 
Torquay  Water- Works  Scraper..    See  Scraper,  1873,  216. 
Tosh,  G.,  elected  Member,  1856,  7. 

Evaporating  Power  of  Tubes,  Paper  on  the  relative  evaporating  power  of 
brass  and  iron  tubes,  1857,  119. 
Towing  Canal  Boats,  Paper  on  towing  boats  on  canals  and  rivers  by  a  fixed  wire 
rope  and  clip  drum,  by  M.  Eyth,  1869,  240. — Loss  of  power  with  ordinary 
propellers,  240. — Early  trials  of  towing  with  fixed  rope,  242. — Difficulties 
in  employing  chains,  243. — Description  of  system  of  wire-rope  navigation, 
244. —  Machinery  in  use  on  Canal  de  Charleroi,  245. — Machinery  on  river 
Meuse,  247. — Canal  tug  with  portable  engine,  249. — Description  of  engine, 
249. — Wire  ropes,  250. — Laying  the  ropes,  252. — Clip  drum,  252. — 
Proportion  of  power  utilised,  254, — Passage  through  locks,  256. — Passage 
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Towing  Canal  Boats  (continued). 

round  curves,  257. — Crossing  of  tugs,  258. — Durability  of  ropes,  258. — 
Particulars  of  working  on  different  canals,  &:c.,  260. — Comparison  with 
other  modes  of  towing,  262. 

DiscHssion.—ArmstTOTig,  Sir  W.  G.,  273.~Bramwell,  F.  J.,  265.— 
Browne,  W.  R.,  270.— Carpmael,  W..  270.— Cowper,  E.  A.,  270.— Eyth,  M,, 
264,  267.— Fernie,  J.,  268.-  Hawksley,  T.,  270.— Head,  J.,  269.— Smith,  W., 
268. 

TowNSEND,  T.  C,  elected  Member,  1860,  63. 

TowNSEND,  "W.,  elected  Member,  1863,  113.— Decease,  1871,  2.— Memoir,  18. 

Teavelling  Cbane.    See  Crane,  Travelling,  1854,  96.-1868,  164. 

Traversing  Cbane.     See  Crane,  Traversing,  1864,  44. 

Tresca,  H.,  elected  Honorary  Life  Member,  1868,  5. 

Flow  of  Solids,  PajJer  on  the  "  flow  of  solids,"  with  the  practical  application 
in  forgings,  &c.,  1867,  114.— Action  of  torsion  in  altering  structure  of 
iron,  147. — Difficulty  of  tracing  changes  of  structure  in  steel,  149. — 
Mode  of  fi-eeing  Bessemer  steel  from  air  holes,  150. 

Teickett,  G.,  elected  Member,  1857,  202. 

Trow,  J  ,  elected  Member,  1873,  46. 

Trow,  J.  J.,  elected  Member,  1865,  219. 

Trowabd,  C,  elected  Member,  1862,  47. 

Truss,  T.,  elected  Member,  1856,  7. 

Tubbing,  Cast- Iron,  Paper  on  cast-iron  tubbing  used  in  sinking  shafts,  by 
J.  Brown,  1861,  193.— AVedging-crib  to  support  tubbing,  194.— Mode  of 
wedging  the  crib,  194.  —  Oak  wedging-crib  sometimes  placed  beneath 
usual  cast-iron  crib,  195.— Building  up  tubbing  on  wedging-crib,  195.— 
Example  of  very  deep  tubbing,  197.  — Arrangement  of  pumps  to  keep 
shaft  clear  of  water,  198.— Important  to  examine  and  test  tubbiug  plates 
thoroughly  beforehand,  199.  — Strength  of  tubbing  needed  for  various 
depths,  200. 

i)rsc?/ssio?i.— Armstrong,  Sir  W.  G.,  202,  207.— Brown,  J.,  202,  203, 
204.— Chrimes,  E.,  206,— Cochrane,  A.  B.,  206,  207.— Cochrane,  C,  202, 
205,  206.— Fernie,  J.,  204.— Manning,  J.,  206.— Maudslay,  H.,  205.— 
Riley,  E.,  207.— Woods,  H.,  206.— Wright,  C.  T.,  203,  204,  205. 

Tubes,  Evaporating  Power.    See  Evaporating  Power  of  Tubes,  1857, 119. 

Tubular  Wrought-Iron  Cranes.     See  Crane,  Tubular,  1857,  87. 

Tunnel  Ventilating  Fan.    See  Ventilating  Fan,  1871,  22,  66. 

Turner,  E..  elected  Member,  1859.  54. 

Tuhneh,  F.,  elected  Member,  1866,  55. 

Turner,  H.,  elected  Member,  1867,  60. 

Turning  Tool.    See  Tool,  1866,  288.— 1872,  288. 
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Turntable,  Paper  on  an  improved  turntable,  by  Samuel  Lloyd,  Juu.,  1853, 
126. — Holier  turntables  -with  fixed  and  live  rollers,  126. — Round-edged 
rollers.  127. — Centre-bearing  turntables,  128. — Description  of  improved 
turntable,  129. — Sliding  blocks  to  support  table  when  not  in  use,  130. 

2>;sc?/.<!s/07i.— Beyer,  C.  F.,  133.— Cowper,  C,  132.— Gibbons.  B.,  132,— 
Lloyd,  Sampson,  132.— Lloyd,  Samuel,  Juu.,  131,  132,  133.— Woodhouse, 
H.,  131,  133. 

TxTENTABLE,  Weought-Ieox,  Paper  on  an  improved  construction  of  wrought- 
iron  turntable,  by  W.  Baines,  1866,  43. — Construction  of  top  of  turntable, 
43. — Section  of  iron  ribs,  43.  —  Facility  of  increasing  strength  of  girders 
wherever  desirable,  44.  —  Roller  paths,  45.  —  Centre  pin,  45.  —  Hydraulic 
press  for  bending  bars,  46.  —  Saving  in  weight  compared  with  cast-iron 
turntables,  47. — Facility  of  adapting  turntables  to  special  circumstances,  48. 
iJiS^MSsiO?*.  — Baines,  W.,  49,  .50,  52,  53.  — Cowper,  E.  A.,  52,  53.— 
Jones,  E.,  52.— Napier,  R.,  49.  .50.  51.  53.— Neilson,  W.  M.,  51.— Pettifor,  J., 
52.— Williams,  R.,  50,  51. 

TURTON,  J.,  elected  Member,  1849,  Apl.,  32. 

TURTON,  T.,  elected  Member,  1872.  120. 

TURTON,  T.  B.,  elected  Member,  1849,  Apl.,  32. 

TuRTON,  W.,  elected  Member,  1847. 

Tuyere,  Paper  on  an  improved  tuyere  for  smiths'  hearths,  by  J.  Ross,  1855, 
30.  —  Ordinary  construction  of  tuyere,  30.  —  Improved  tuyere,  30. — 
Wrought-iron  tuyere,  31. 

Z);sc?/56f Oft.— Beyer,  C.  F.,  32.— Fairbairn,  W.,  32,  33.— Fernie,  J.,  83.— 
Jones,  E.,  32.— Ross,  J.,  32. 

Tuyere,  Paper  on  an  improved  tuyere  for  smiths'  hearths,  by  J.  Fernie,  1855, 
57. — First  design  of  improved  tuyere,  57. — Mode  of  casting  tuyeres,  57. — 
Double  hearth  with  tuyeres,  58. 

Discussion. — Fairbairn,  W.,  58. — Fernie,  J.,  58. — Ramsbottom,  J.,  58. 

Tuyere,  Paper  on  an  improved  tuyere  and  smiths'  hearth,  by  C.  F.  Beyer,  1855, 
125. — Failure  of  ordinary  tuyeres,  125. — Cast-iron  tuyeres,  125. — Improved 
arrangement  of  hearth  and  tuyere,  126. — Hollow  fire  for  wheel  forging. 
127. 

Discussion.— QWii,  J.  E„  129.  —  Hodge,  P.  R.,  128,  129.  — McConnell, 
J.  E.,  128,  129.— Shipton,  J.  A.,  128.— Wright,  H.,  128. 

Tuyere  for  Blast  Furnaces.     See  Blast-Furnace  Tuyere,  1865,  266. 

TWEDDELL,  R.  H.,  elected  Member,  1867,  60. 

Hydraulic  Machines,  Paper  on  the  application  of  water-pressure  to  shop 
tools  and  mechanical  engineering  work,  1872,  188.  —  Low  pressure  of 
water  not  desirable,  206. — Not  advisable  to  have  two  pressures  in  machines, 
because  complicated,  207.  —  Accumulator  with  lever  to  vary  pressure, 
207.— Work  performed  by  hydraulic  riveter,  208. 
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Tylee,  H.  W.,  Capt.,  elected  Member,  1856,  80. 

Ttpe-Settixg  Machi:n'E,  Paper  on  a  tvpe-composing  and  distributing  machine, 
by  W.  H.  Mitchel,  1863,  3i.  —  Divisions  of  compositor's  work,  34. —  Two 
classes  of  type-setting  machines,  o6.  —  Descriptions  of  various  machines, 
37. — Description  of  improved  composing  machine,  38. — Adjusting  speed 
of  bands,  39.  —  Key  action,  40.  —  Setting-up  receiver,  41.  —  Distributing 
machine,  43.  —  Cutting-ofE  action,  44.  —  Action  of  nicks  in  types,  46. — 
Difiiculty  in  extensive  emj^loyment  of  t}'pe-setting  machines,  51. — 
Comparison  of  cost  and  rapidity  of  hand  and  machine  setting.  52. 

Discusi'wn. — Beyer,  C.  F.,  56. — Bramwel),  F.  J.,  55. — JafEray,  J.,  54. — 
Mitchel,  W.  H.,  54,  55,  56. — Siemens,  C.  W.,  55. 

Tykes,  Steel.    See  Steel  Tyres,  1848,  Apl.,  21.— 1866,  186. 


U. 

UCHATius  Cast-Steel.    See  Steel,  1858,  146. 

Upwaed,  a.,  elected  Member,  1862,  47. 

Usher,  G.  M.,  elected  Member,  1865,  102.— Decease,  1870,  2.— Memoir,  17. 

UsHEE,  T.,  elected  Member,  1872,  76. 
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Vacuum  Gauge,  Paper  on  an  improved  vacuum  gauge  for  condensing  engines, 
by  F.  J.  Bramwell,  1851,  Jan.,  27. — Ordinary  long  vacuum  gauge,  27. — 
Short  vacuum  gauge,  27. — Improved  short  vacuum  gauge,  28. — Stop-cock, 
29. 

i>(SCMS5io«.— Adams,W.A.,29.— Cowper,E.A.,29.— McConnell,J.E.,29. 

Vallasce,  F.  B.,  elected  Member,  1868,  43. 

Valve,  Balanced.    See  Balanced  Valve,  1857,  189.— 1871,  35. 

Valve -Gear,  Paper  on  the  Corliss  expansion  valve -gear  for  stationary 
engines,  by  W.  Inglis,  1868,  177.— Principle  of  Corliss  engine,  177. — 
Watt's  disconnecting  valve-gear,  180.— Early  Corliss  valve-gear,  180.— 
Improved  Corliss  engine,  181. — Liberating  valve-rod,  183. — Dash-pot,  184. 
— Bate  of  working,  184. — Consumption  of  fuel,  185. 

Discussion. — Amos,  C.  E.,  187,  188. — Amos,  J.  C,  190. — Bramwell, 
F.  J.,  186.— Con-per,  E.  A.,  186.— Douglas,  E.,  190.— Fairbairn,  W.,  193.— 
Hawksley,  T.,  187,  189,  192.— Hughes,  G.  D.,  190.— Inglis,  W.,  185,  191, 
193.— Neilson,  W.  M.,  185.— Siemens,  C.  W.,  187,  189.— Walker,  B..  187.— 
Woods.  H..  192. 
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Valve-Motion,  Wakefield's,  Paper  on  a  new  expansive  valve-motion  for  steam 
engines,  by  G.  M.  Miller,  1855,  146. — Description  of  apparatus,  147. — 
Reversing,  148.— Results  of  working  on  locomotives,  149. 

Discussion. — Cowper,  E.  A.,  152. — Fairbairn,  W.,  151,  152,  154. — 
Fernie,  J.,  154.-Marshall,  W.  P.,  154.— Miller,  .G.  M.,  151,  152,  153.— 
Ramsbottom,  J.,  153. 
Valve  Packing,  Paper  on  Waddell's  improved  packing  for  the  slide-valves  of 
marine  engines,  by  C.  F.  Beyer,  1856,  61. — Relievin;^  pressure  on  slide- 
valves  of  large  engines,  62. — Description  of  D  valve,  62. — Defects  of 
ordinary  packing,  63. — Description  of  improved  packing,  66. — Application 
to  single  slide-valves,  66. — Advantages  of  packing,  67. 

jDisc?/ssf<)?i.— Fenton,  J.,  69.— Fothergill,  B.,  67,  68,  69,  70.— Miller,  J., 
68.— Shelley,  C.  P.  B.,  68  — Waddell,  R.,  67,  68,  69.— Wymer,  F.  W.,  70. 
Valves  for  Pumps.    See  Pump  Valves,  1858,  249. 
Valves,  Safety.     See  Safety  Valve. 
Varley,  J.,  elected  Associate,  1869,  77. 

Vaetey  Water  Works,  Dublin.     See  Water  Works,  Dublin,  1865,  201. 
Vavasseur,  J.,  elected  Member,  1862,  47. 
Ventilating  Fan,  Biram,  1869,  141, 
Ventilating  Fan,  Brunton,  1869,  92,  142. 

Ventilating  Fan,  Guibal,  Paper  on  Guibal's  ventilating  fan  employed  at  the 
Homer  Hill  Colliery,  Cradley,  by  J,  S,  E,  Swindell,  1869,  78.— Nature  of 
coal  seam  and  workings,  78. — Struve's  ventilator,  79. — Lemielle's 
ventilator,  80. — Nasmyth's  ventilator,  80.  —  Guibal's  ventilator,  81. — 
Closed  mouth  to  shaftj  83. — Course  of  air-current,  84,  -  Particulars  of 
working,  84. — Expanding  outlet,  86. — Cost,  88.— Comparison  with 
ventilating  furnace,  88, 

Discussion,. — Baker,  J,  P.,  93. — Bramwell,  F.  J.,  94,  98.— Cowper,  E.  A,, 
95,  97.— Evans,  T.,  91,  98,  99.— Penn,  J.,  90,  100,— Swindell,  J,  E.,  99.— 
Swindell,  J,  S.  E.,  92,  94,  97,  99. 
See  also  1869,  140, 
Ventilating  Fan,  Nasmyth,  Paper  on  the  ventilating  fan  at  the  Abercarn 
collieries,  by  E.  Rogers,  1856,  251. — Arrangement  of  pit,  252. — Air 
courses,  253. — Particulars  of  experiments,  254,— Advantages  of  fan  over 
ventilating  furnace,  255. — Increased  current  of  ventilation  on  occasion  of 
explosion,  256.— Nature  of  '•  after  damp,"  256. — Table  of  fan  experiments, 
258. — Table  illustrating  a  mine  explosion,  259. 

Discussion.— Cochnme,    C,    264.— Hawkes,    W.,    262,     263.— Lloyd, 
Sampson,  260,  261,  262,  263,  265.— Ramsbottom,  J.,  265.— Rogers,  E.,  260, 
262,  263,  264.- Shelley,  C.  P,  B.,  203. 
See  also  1869,  80. 
Ventilating  Fan,  Rammell,  1869,  92,  142. 
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Ventilating  Fan,  Tunnel,  Paper  on  the  mechanical  ventilation  of  the 
Liverpool  passenger  tunnel  on  the  London  and  North  Western  Railway, 
by  J.  Ramsbottom.  1871,  22. — Dimensions  of  tunnel,  22. — Difficulties  of 
ventilation,  23.— Air  shaft  and  fan,  23.— Provision  for  natural  ventilation 
■when  fan  not  working,  24. — Description  of  fan,  24. — Engines,  25. — Rate 
of  clearing  smolce  from  tunnel,  26. — Amount  of  air  removed  in 
ventilating  the  tunnel,  26. — Vacuum  at  different  minutes,  26.— Power 
expended  in  overcoming  friction  of  chimney,  &c.,  27. — Diagrams  of 
ventilating  action,  27.  —  Electric  signal  for  starting  and  stopping 
fan,  28. 

Discussion. — Bramwell,  F.  J.,  34.— Cochrane,  W.,  29,  32,  33.— Cowper, 
E.  A.,  28,  33.— Fenby,  J.  B.,  34.  — Fowler,  G.,  31.  — Moorsom,  W.  M.,  31, 
32.— Ramsbottom,  J.,  29,  30,  31,  33,  34. 
Ventilating  Fan,  Tunnel,  SupjAementanj Paper onth.enLechs,nica.]  ventilation 
of  the  Liverpool  passenger  tunnel  on  the  London  and  North  Western 
Railway,  by  J.  Ramsbottom,  1871,  66. —  Table  of  experiments  on  degrees 
of  vacuum,  66.  —  Particulars  of  experiments,  67.  —  Ind.  H.  P.  of  engine 
when  exhausting  the  tuunel,  68. 

Discussion. — Alexander,  A.,  71.  —  Barry,  J.  W.,  73.  —  Bramwell,  F.  J., 
70.  —  Cochrane,  C,  73.  —  Cowper,  E.  A.,  71.  —  Ramsbottom,  J.,  68,  70,  72, 
74. 
Ventilating  Fan,  Waddle,  1869,  92,  142. 
Ventilating  Furnace  for  Collieries,  1849,  July,  35.-1856,  255.-1858,  37, 

63,  203.-1869,  88,  133. 
Ventilating  Machine,  Leiiielle,  Paper  on  Lemielle's  ventilating  machine 
for  mines,  by  Samuel  Lloyd,  Jun.,  1858,  63. — Loss  of  effect  from  use  of 
furnace  for  ventilation,  63.  —  Description  of  Lemielle's  ventilator,  64. — 
Very  small  loss  in  discharge  of  air,  65. — High  degree  of  vacuum  obtainable, 
66. — Trial  of  machine,  66. 

Discussion. — Cowper,  E.  A.,  68,  69. — Fernie,  J..  69. — Laurent,  F.,  67., 
68,  69.  — Lloyd,  Samuel,  67,  68.  —  Maudslay,  H.,  67,  69.  — Muntz,  G.  F., 
68.— Smith,  F.,  67. 
See  also  1869,  80,  147. 
Ventilating  Machine,  Struve,  1869,  79,  146. 

Ventilation  of  Buildings,  Paper  on  the  ventilation  of  public  buildings,  by 
Gen.  A.  Morin,  1867,  61.  —  Principles  on  which  ventilation  should  be 
based,  61. — Suction  superior  to  blowing,  62. — Quantity  of  air  per  person 
and  temperature  in  various  buildings,  63. — Relations  between  volume  and 
temperature  of  air  and  area  of  flue,  64.  —  Increasing  velocity  of  air  in 
passing  through  building,  64.  —  Examples  of  ventilation  of  various 
public  buildings,  65. — Experiments  on  ventilation  of  Theatre  Lyrique  in 
Paris,  71. 
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Ventilation  of  Buildings  (contmued). 

Discussion. — Brainwell,  F,  J.,  75. — Chadwick,  E.,  72. — Fairbairn,  W., 
77. — Moriu,  Gen.  A.,  72,  75,  76,  78. — Penn,  J.,  72,  79. — ijiemens,  C.  W.,  75, 
76.— Whitley,  J.,  74. 
Ventilation  of  Bcildings,  Mechanical,  Paper  on  the  mechanical  ventilation 
and  warming  of  St.  George's  Hall,  Liverpool,  by  \V.  Mackenzie,  1863, 
19i. — Supply  of  air,  194. — Warming,  194.— Hot-water  coils,  195. — Cooling, 
196. — Moisture,  196. — Ventilation,  197. — Discharge  of  vitiated  air,  199. — 
Outlet  shafts,  200. — Air  valves,  &c.,  200. 

Z'isc-wssio/i.- Bramwell,  F.  J.,  202,  203.— Clay,  W.,  201,  208.— Fernie,  J., 
205,  207.  — Mackenzie,  W.,  201,  203,  204,  207.  — Newton,  W.  E.,  204.— 
Plum,  T.  W.,  203.— Smith,  L,  205. 
Ventilation  of  Buildings,  Watson's,  Paper  on  Watson's  ventilating 
apparatus  for  buildings,  &c.,  by  S.  Thornton,  1857,  259.  —  Principle  of 
ventilation,  259.  —  Description  of  ventilator,  260.  —  Experiment  showing 
action  of  ventilator,  261.  —  Temperature  of  ascending  current,  262. — 
Modifications  of  ventilator,  263.  —  Application  to  factories,  (Sec,  264. — 
Ventilation  of  ships,  265. 

Discussion. — Lloyd,  Sampson,  266. — Watson,  C,  266. 
Ventilation  of  Collieey,  Paper  on  the  system  of  ventilation  in  the  Wallsend 
Colliery,  by  D.  Burn,  1849,  July,  31.  — Explosions  of  fire-damp  with 
gi-eat  loss  of  life,  31.  —  Description  of  workings,  32.  —  Quantity  of  air  ' 
circulated  in  each  district  of  mine,  32. — Simimary  of  divisional  cun-ents, 
34. — Cost  of  ventilating  furnaces,  35. — Large  constant  discharge  of  gas, 
but  of  low  illuminating  power,  35.  —  Proposed  application  for  lighting 
Newcastle,  85.  —  Process  for  increasing  the  illuminating  power,  35.  — 
Davy  lamps  used  throughout  workings,  36.  —  Eules  and  regulations  for 
the  colliery,  36. 

Discussio?i.—Cliit,  J.  E.,  37,  38.— Gibbons,  B.,  38.— Slate,  A.,  38. 
See  also  Coal  Mining,  1862,  68.— Coal,  South  Staffordshire  Thick,  1860, 
91._Colliery,  Newcastle,  1858,  177. 
Ventilation  of  Mines,  Paper  on  the  ventilation  of  mines,  by  B.  Gibbons, 
1851,  Apl.,  8. — Explosions  of  gas,  10. — Artificial  ventilation  objectionable, 
except  as  auxiliary,  11. — Ordinary  system  of  mining  in  Staffordshire  Thick 
coal,  12. — Air  current  liable  to  interruptions  when  upcast  shaft  used  for 
winding,  13.  —  Air-head,  spouts,  &c.,  14.  —  Improved  system  of  mining, 
15.  —  Air-head  above  top  of  seam,  16. —  Excavating  the  coal,  17. — Air 
chimney,  19.  —  Advantages  of  improved  system,  21.  —  Importance  of 
draining  gas  from  coal  before  it  gets  into  workings,  23.  —  Objections 
raised  against  improved  system,  25.  —  Getting  whole  of  coal,  28.— 
Explosions  destroying  ventilation  in  mines  worked  in  ''panes  and 
pillars,"  29.— Shafts  divided  by  brattices,  30.— Sinking  through  running 
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Ventilation  of  Mines  (continued). 

sand,  31.— Conditions  and  principles  for  carrying  out  improved  system  of 
mining.  .SI. — Necessity  for  more  numerous  shafts  than  uow  used,  33. 

I>isc-us.sio>i.—Adam;^.  W.  A.,  36.— (Jlift.  J.  E.,  34.— Cowper,  E.  A.,  34.— 
Gibbons,  ».,  34,  3.5,  — Hodgkiuson,  E.,  35.  — McConnell,  J.  E.,  34,  36.— 
Shipton,  J.  A.,  34.— Slate,  A.,  3.5. 
Ventilation  of  Mines,  Paper  on  the  various  systems  of  ventilation  of  mines, 
by  W.  Cochrane,  1869,  133. — Furnace  ventilation,  133. — Large  furnaces 
in  Durham  coalfield,  134.  — Table  of  duty  of  furnaces,  136.  — Open  and 
closed  furnaces,  137. — Inflnence  of  depth  of  shaft,  138.— Guibal  ventilator, 
140.  —  Comparison  with  furnace,  141.  —  Other  centrifugal  ventilators, 
Birani,  Waddle,  Eammell,  Brunton,  141, 142.— Effect  of  casing,  expanding 
chimney,  and  adjustable  shutter  of  Guibal  fan,  143. — Large  Guibal  fan 
in  Belgium,  144.  —  Form  of  casing,  144.  —  Curvature  of  vanes,  145. — 
Struve's  ventilator,  146.  —  Lemielle's  ventilator,  147. 

Discussion.  —  Armstrong,  Sir  W.  G.,  153.  —  Cochrane,  W.,  151,  162, 
153.— Cowper,  E.  A.,  150.— Morison,  D.  P.,  152.— Steavenson,  A,  L.,  149, 
152.— Swindell,  J.  S.  E.,  149. 
Vernon,  J.,  elected  Member,  1856,  49.- Council,  1865,  19. 

Ships,  Iron,  Paper  on  the  construction  of  iron  ships,  1863,  115. — Deficiency 
of  strength  in  upper  deck  of  iron  ship,  141.  —  Drilled  holes  for  riveting 
not  superior  to  punched  holes,  142. 
Tools,  punched  holes  quite  as  accurate  as  drilled,  1864,  213. 
ViCKEES,  A.,  elected  Member,  1865,  219. 
ViCKERS,  T.  E.,  elected  Member,  1861,  109. 

Strength   of   Steel,   Paper  on  the   strength  of    steel    containing  different 
proportions  of  carbon,  1861,  158.  —  Long  test  bars  show  lower  tensile 
strength  than  short  bars,  167. 
ViCKEES.  W..  elected  Member.  1848.  Julv.  20. 


w. 

Waddell,  R.,  Escape  Valve,  Paper  on  an  escape  water-valve,  and  a  governor 

for  marine  steam  engines,  1853,  117. 
Valve  Packing,  material   for  packing,  1856,  67.  —  Difiiculty  in  detecting 

leakage  of  ordinary  packing,  69.  —  Marine-engine  valves  should  not  be 

quite  balanced,  69. 
Waddington,  J.,  elected  Member,  1856,  80. 

Waddington,  T.,  elected  Member,  1856,  80.— Decease,  1870,  2.— Memoir,  17. 
Waddle  Ventilating  Fan,  1869,  92,  142. 
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Wagon  CorPLiXG.     See  Eailway  Safety  "Wagon  Coupling,  1860,  277. 

Wagoxs,  Eailway,     See  Eailway  Wagons. 

Wain-sveight,  W.,  elected  Member,  1865.  219. 

Wakefield.  J.,  elected  Member,  1863.  58. 

Wakefield's  Valve  Motion.    See  Valve  Motion,  1855,  146. 

Waldensteom,  E.  H.,  elected  Member,  1873.  46. 

Walkee,  Alexandee,  elected  Member.  1872,  120. 

Walkee,  Alfred,  elected  Member,  1870,  19. 

Walkeb.  B.,  elected  Member,  1867,  234. 

Governor,  Allen,  successful  for  rolling  niiris,  1873,  56. — Oi'dinary  throttle- 
valve  too  much  friction,  and  liable  to  jam,  57. 

Walkee,  B.  P.,  elected  Member,  1864.  59. 

Walkee,  C.  C,  elected  Member,  1855.  6.— Ee-elected,  1867,  60. 

Cupola,  experiments  on  influence  of  size  and  shape  of  cupola  on  consumption 

of  fuel,  1868,  96. — Cleveland  iron  very  wasteful  in  cupolas,  98. 
Observatory,  Iron,  Paper  on  a  wrought-iron  observatory  for  maintaining 
equality  of  internal  and  external  temperature,  1873,  279. — Brick  or  stone 
observatories  condense  much  moisture  after  long  frosts,  286. — Temperature 
of  internal  air  in  iron  observatory,  mean  of  external  in  sun  and  in 
shade,  287. — Cost  of  iron  observatory,  287. — Weight  of  revolving  parts, 
288. 
Eailway  Chair,  Bracket,  experiments  on  breaking  strain  of  cast-iron  bars, 
1873,  257. 

Walkee,  J.  G.,  elected  Member,  1861.  14. 

Walkee.  Thomas  (Bii-mingham).  elected  Member,  1854.  110,    • 

Walkee,  Thomas  (Wednesbury),  Original  Member,  1847. — Council,  1852,  8. 

Walkee.  W.  H..  elected  Member,  1863.  246. 

Wallace,  J.,  Juu.,  Dash  Wheel,  Paper  on  a  steam  dash-wheel  for  bleaching, 
1856.  239. 

Wallace,  W.,  elected  Member,  1863.  246. 

Wallee,  G.  a.,  elected  Member,  1865.  20. 

Wallee.  W.,  elected  Graduate,  1856.  7. 

Agricultural    Engines,    Paper    on    the   application    of     steam    power    to 

agricultural  purposes,  1856,  80. — Steam  pressure,  104. — Arrangement  of 

tubes  in   boiler,   104, — Eacing  engines  used  in   trials,  not  suitable  for 

regular  work,  106, 

Barn  Machinery.  Paper  on  the  application  of  steam  power  to  agi-icultural 

purposes,  1856.  266. 
Boiler  Explosions,  failure  of  boiler  from  unequal  fxpmsion  of  plates  of 

different  kinds  of  iron,  1866,  171, 
Field  Implements,  Paper  on  the  application  of  steam  power  to  agricultural 
purposes,  1857.  41. 
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Wallis,  H.,  elected  Member,  1868,  104. 

Wallis  Pressure  Gauge.    See  Pressure  Gauges,  1871,  281. 

Walpole,  T.,  elected  Member,  1865,  20. 

Warden,  H.  W.,  elected  Graduate,  1867,  60, 

Warden,  T.,  elected  Honorary  Member,  1865,  102. 

Warden,  W.  E.,  elected  Member,  1864,  271. 

Warden,  W.  M.,  elected  Honorary  Member,  1848. 

Wardle,  C.  W.,  elected  Member,  1856,  7. 

Elevator  for  Colliery  Drainage,  Paper  on  an  application  of  GifEard's  injector 

as  an  elevator  for  the  drainage  of  colliery  workings,  1861,  220. 
Warham,  J.  K.,  elected  Member,  1852, 191. 
Warsop,  G.,  Aero-Steam  Engine,  actual  saving  of  fuel  from  use  of  air-injection, 

1870,  241. — Proportion  of  air  to  steam,  245. 
Warsop  Aero- Steam  Engine.     See  Aero- Steam  Engine,  1870,  229. 
Water  Axlebox,  Aerts'.    See  Axlebox,  Water,  1860,  178. 
Water  Filter,  Forster's.    See  Filter,  1854,  75. 
Water  Gauge,  Magnetic,  Paper  on  Pinel's  magnetic  water-gauge  for  steam 

boilers,  by  G.  Piggott,  1860,  83. — Description  of  gauge  ;   absence  of 

friction,  83. — Fixing  and  adjustment,  84. — Sensitiveness  of  gauge,  85, — 

Number  of  gauges  in  use,  85. 

Biscussion. — Bathe,  W.  F.,  85,  86. — Bramwell,  F.   J.,  87. — Cowper, 

E.  A.,  87.— May,  C,  87.— Muntz,  G.  F,,  87.— Neilson,  J.  B.,  86.— Richardson, 

W.,  86.— Robinson,  J.,  85,  86.— Siemens,  C.  W.,  86,  87. 
Water  Meter,  Chadwick's,  Paper  on  recent  improvements  in  water  meters,  by 

B,  Fothergill,  1857,  172. — Importance  of  use  of  water  meters,  172. — 

Prices  charged  for  water  supply,  172. — Low-pressure  meters  objectionable, 

173. — Diaphragm    meters,     174. — Piston    meters,    174. — Description    of 

Chadwick's  piston  meter,  175. 

Diseunion.—Gh?i6yf\ck,  D.,  178.— Forsyth,  T.,  177, 178.— Fothergill,  B., 

176,  177.— Green,  177.— Maudslay,  H.,  177.— Whitworth,  J.,  177,  178. 
Water  Meter,  Gorman's,  Paper  on  an  improved  water  meter,  by  W.  Gorman, 

1856,   242. — Objects  to  be  attained  in    meters,  242. — Description    of 

improved  rotary  meter,  243. — Results  of  working,  244. 

Dwcwssiow.— Fothergill,   B„   246.— Gorman,   W.,   244,  246.— Neil  son, 

W.  M.,  246.— Ramsbottom,  J.,  246.— Rankine,  W.  J.  M.,  244,  245.— Scott, 

M.,  246.— Siemens,  C.  W.,  245,  247. 
Water  Meter,  Kennedy's,  Paper  on  an  improved  water  meter,  by  T.  Kennedy, 

1856,  151. — Want  of  reliable  meter,  151. — Principles  of  various  meters, 

152. — Description  of  improved  piston  meter,  153. — Rolling  packing,  153. 

—Tumbling  lever,  154.— Indicating  apparatus,  154.— Particulars  of  trials, 

155. — Sizes  of  "meters,  156. 

D/scwsswi.  — Kennedy,  T.,  157,  158.  — Muir,  157.  — Neilson,  W.  M., 

157.— Whitworth,  J.,  157,  158. 
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Water  Meter,  Parkinson's,  Paper  on  a  water  meter,  by  W.  Parkinson,  1851, 
Jan.,  19.— Various  plans  of  meters,  19. — Description  of  improved  meter, 
20, 

Biscnssion.—QWit,  J.  E.,  21.— McConnell,  J.  B.,  22, 
Water  Meter,  Siemens',  Paper  on  an  improved  water  meter,  by  C.  W.  Siemens, 
1854,  6. — Kequirements  of  a  meter,  7. — Classification  of  meters,  7. — 
Bucket  meters,  8. — Piston  meters,  9. — Meters  by  area  of  flow,  9. — 
Description  of  improved  meter  by  area  of  channel,  10, — Impact  meters, 
11. — Description  of  improved  meter,  12. — Counting  gear,  13. — Effect  of 
second  drum,  14. — Spindles,  15. — Screw-drums,  16. — Description  of  small 
spiral  meter,  17. — Mode  of  testing,  18, 

Discussion— C\iQ\\mg\^OTih.,  T.  T.,  22.— Clift,  J.  E.,  19,  20.— Cowper, 
E.  A.,  19.— Fairbairn,  W.,  19,  20,  23.— Hodge,  P,  E.,  20,  22,  23.— Siemens, 
C.  W,,  18,  19,  20,  22.— Slate,  A.,  21,  23.— Taylor,  T.,  23. 
Water  Meter,  Siemens',  Paper  on  an  improved  water  meter,  by  C.W.  Siemens, 
1856,  113. — Description  of  improved  meter,  113. — Size  of  inlet  and 
outlet,  114. — Eesults  of  application  of  meters,  116. — Waste  of  water,  116. 
— Advantages  from  use  of  meters,  117, — Sizes  of  meter,  and  number  in 
use,  118. 

Discussion.— KWqti,  J.,  118.— Bell,  T.,  121, 122.— Chrimes,  K.,  122, 123.— 
Forsyth,  T.,  122.— Greaves,  C,  119, 120,— Lloyd,  Sampson,  118, 120, 123.— 
Siemens,  C.  W.,  118,  119,  123. 
Water  Meter,  Taylor's,  Paper  on  an  improved  water  meter,  by  B.  Fothergill, 
1853,  142. — Requirements  of  a  meter,  142.— Description  of  Taylor's 
meter,  143. — Regulating  valves,  144. 

Z»wc«ssJo?i.— Cowper,  C,  147.— Fairbairn,  W.,  146, 147.— Fothergill,  B., 
145,  146,  147.— Perring,  J.  S.,  146.— Rofe,  H.,  146,  147.— Shipton,  J.  A., 
147.— Thompson,  J.,  146,  147, 
Water   Pressure    Machinery.    See  Hydraulic   Machinery,  1858,  126. — 

1868,  21.-1869,  208.-1872,  188, 
Water  Raising  Apparatus.    See  Locomotive  Water  Supply,  1859,  211, 
Water  Supply  for  Locomotives  whilst  running.    See  Locomotive  Water 

Supply,  1861,  43. 
Water  Works,  Dublin,  Paper  on  the  new  Dublin  Corporation  Water  Works 
for  the  supply  of  water  from  the  river  Vartry,  by  P.  Neville,  1865,  201. — 
Former  sources  of  supply,  201. — Position  of  river  Vartry,  202.— Rainfall 
over  drainage  area,  203. — Roundwood  reservoir,  203. — Filter  beds,  204. — 
Tunnel,  205. — Course  of  main,  205. — Stillorgan  distributing  reservoirs, 
206.— Screens,  207.— Cost,  207. 

Discussion— QvSiY,  Sir  J,,  209,  211,  213,  214.— Murphy,  J.,  208,  212, 
213.— Napier,  R,,  208,  211,  212,  214,— Neville,  P,,  208,  209,  212.— Newton, 
W.  E.,  209. 


W.  211 

Water  "Woeks,  Glasgow,  Paper  on  the  meclianical  appliances  of  the  Loch 
Katrine  Water  Worlis  for  the  supply  of  Glasgow,  by  J.  M.  Gale,  1864, 
123.— Former  supply  of  Glasgow,  123. — General  arrangement  of  present 
works,  123.— Drainage  area,  121:. — Very  soft  water,  121. — Extent  of  water 
supply,  125. — Salmon  stairs,  126. — Aqueduct,  127. — Tunnel,  128. — 
Aqueduct  bridges,  129.  —  Junction  of  wrought-iron  tube  and  cast-iron 
trough,  129.  —  Syphon  pipes,  131.  —  Service  reservoir  and  straining  well, 
132. — Valves,  131. — Daily  supply  of  wat^r,  135. — Cost  of  works,  136, — 
Table  of  rainfall,  137, 

Discussion. — Birckel.  J.  J.,  114. — Bramwell,  F.  J.,  112. — Cowj^er,  E.A., 
138,  141,  143.— Fernie,  J.,  139,  144.— Gale,  J.  M.,  138,  139,  140,  141,  142, 
143,  144,  145,  146.— Humphrys,  E.,  140.— Manning,  J.,  138.— Maudslay,  H,, 
142.— Napier,  R.,  138,  139,  140,  145,  146.— Newton,  W.  E.,  138,  140,  141, 
144.— Eigg,  A.,  140,  146.— Smith,  I.,  140.— Snowdon,  T.,  140.— Swindell, 
J.  E.,  145. 

Water  Works,  Liverpool,  Paiier  on  the  mechanical  features  of  the  Liverpool 
Water  Works,  by  T,  Duncan,  1863,  167. — Area  of  water  supply,  and 
general  arrangement,  167. — Slide-valves,  168. — Sluices  and  gauges  on 
goit,  169. — Filter  beds,  170. — Sand-washing  apparatus,  171. — Float-valve 
and  self-acting  shut-off  valves,  172. — Self-acting  reflux  and  throttle 
valves,  173. — Escape  valves,  air  cocks,  &c.,  175. — Mains,  176.— Portable 
meters  for  shi^Dping- service  supplies,  178, — Wells  and  pumping  engines, 
179. — Tables  of  particulars  of  pumping  engines,  &c.,  183. 

Biscussion.—^oiQQ,  H.  C,  189.— Birckel,  J.  J.,  192.— Clay,  W,,  186, 

189,  192.— Cunningham,  J.,  187.— Duncan,  T.,  186,  187,  188,  189,  190,  192. 
—Gray,  J.  M.  F.,  191.— Kennan,  J.,  187.— King,  W.,  187.— Lloyd,  S.,  188.— 
Mackay,  J.,  188.— Maclaren,  R.,  188.— Markham,  C,  187.— Marshall,  P.  P., 

190,  191.— Ramsbottom,  J.,  186.— Smith,  L,  189,  191. 

Water  Works,  Manchester,  Paper  on  the  Manchester  Water  Works,  by 
J,  F.  Bateman,  1866,  245.— General  plan,  245. — Rainfall,  246. — Separation 
of  clear  and  turbid  waters,  247. — Reservoirs  and  aqueduct,  248. — Special 
valves,  250. — Air- valves  and  hydrants,  252. — Turbines  for  opening  large 
sluices,  253. — Gauge-plates,  254, — Strainers,  255. — Gauging  the  water 
supplied  to  mill  owners,  255, 

2)isc«ssiO?j.— Downing,  S.,  257,  258,  259.— Fairbairn,  W.,  257, 258,  259, 
260.— Kennan,  J.,  259.— Maudslay,  H.,  259.— Whitworth,  J.,  260. 

Water  Works,  Pumping  Engines.    See  Pumping  Engines. 

Water  Works,  Scraper  for  Mains.    See  Scraper,  1873,  216. 

Waterhouse,  T.,  elected  Honorary  Member,  1858,  266. 

Compressed-Air  Hammer,  durability  of  cam  and  roller,  1858,  121. — Cost  of 
hammer,  122. 

Watkin,  W.  J.  L.,  elected  Member,  1867,  GO. 
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Watkins,  R.,  elected  Member,  1862,  93. 
Watson,  R.,  elected  Member,  1866,  265. 

Watson's  Ventilating  Appakatus.  See  Ventilation  of  Buildings,  1857, 259. 
Watt,  James,  Monument,  inauguration  of,  1857,  85. 
Watteeu,  E.,  elected  Member,  1866,  265, 
Watts,  W.  T.,  elected'Associate,  1867,  234. 

Weallens,  W.,  Original  Member,  1847.— Council,  1849,  Jan.,  9.— 1858,  12.— 
1861,  13.— Decease,  1863,  2.— Memoir,  13. 
Express  Engine,  PajJer  on  an  express  engine,  1849,  Apl,,  8. 
Weaving  Machinery  foe  Caepets.    See  Carpet  Weaving,  1868,  195. 
Webb,  F.  W.,  elected  Member,  1862,  47.— Council,  1871,  20.-1873,  24. 

Boilers,  Corrosion  of,  telescopic  boiler,  1866, 72. — Grooving  at  lap-joints,  not 
at  butt  joints,  72. — Barrels  with  single  longitudinal  joint,  73. — Pitting  of 
boilers  with  brass  tubes,   using   acid  water,  73.  —  Injurious  straining 
from  cold  feed- water,  74. 
Cupola,  consumption  of  fuel  in  Krigar  cupola,  1868,  95. 
Indicator,  Richards,  successful  for  locomotives,  1863,  267. 
Locomotive  Engines,  water  troughs  for  supplying  engines  while  running, 

1863, 108. 
Puddling,  Mechanical,  saving  of  labour  and  time  with  Siemens  regenerative 

puddling  furnaces,  1867,  171. 
Shaping  Machine,  Paper  on  a  curvilinear  shaping  machine,  1866,  280. — 
Speed  of  working,  283.  —  Object  of  curved  inner  face  to  rim  of  wheels, 
285. — Durability  of  well-balanced  pulleys,  285. — Forging  of  spokes,  286. 
Tool  and  Holder,  large  tool  advisable  for  heavy  cuts,  to  carry  away  heat 
from  point  of  tool,  1866,  300. 
Webb,  H.  A.,  elected  Member,  1862,  47. 
Webster,  J.,  Pressure  Gauge,  temper  of    diaphragm  plates,   1855,   135. — 

Durability  of  india-rubber  joint,  136. 
Weeks,  T.  S.,  Scraper  for  Torquay  Water  Works,  cost  of  scraping,  1873,  230. — 

Finding  scraper  when  lost,  230. 
Weight  of  Locomotives,  Distribution.     See  Locomotives,  Distribution  of 

Weight,  1864,  92. 
Weights  and  Measures.    See  Decimal  Measure,  1865,  32. 
Weild,  W.,  elected  Member,  1860,  250. 

Carpet  Weaving,  Paper  on  the  machinery  for  weaving  Brussels  carpet  by 
power,  1868,  195.  —  Speed  of  working,  207.  —  Number  of  threads  in  best 
Brussels  carpets,  207. — Attendance  required  to  each  loom,  208. 
Cotton-Drawing  Rollers,  Paper  on  the  construction  of  drawing  rollers  for 
spinning  machinery,  1863,  59.  —  Use  of  small  drawing  rollers,  73. — 
Rapidity  of  grooving  of  rollers,  74,  —  Mode  of  making  the  mills,  74.  — 
Centering  of  rollers,  76.— Covering  of  rollers,  77. 
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Weild,  W.  (continued). 

Spooling  Machine,  Paper  on  a  self-acting  machine  for  spooling  thread,  1861, 
54.  —  Cost  of  machine,  67. — Adjustment  for  different  sizes  and  shapes  of 
spools,  67.  —  Swivelling  guide  for  thread,  68.  —  Turning  the  spools,  69.— 
Stopping  when  winding  completed,  70. 

Welch,  E.  J.  C,  elected  Member,  1872,  254, 

Air  Engine,  Heated,  heating  throws  engine  out  of  square,  causing  friction, 
1873,  77.  —  Plumbago  and  soapstone  mixed  for  lubrication,  77.  —  Slide- 
valves  successful  where  flap-valves  failed,  77. 

Well  Borixg.    See  Boring  Wells,  1867,  174.— 1869,  278. 

Wells,  C,  elected  Member,  1862,  47. 

Wenham,  F.  H.,  Air  Engine,  Heated,  heating  of  joints,  gi-eat  difficulty,  1873, 
76. — Inferior  bituminous  coal  is  best,  especially  if  moist,  76. — Moist 
air  better  than  dry,  76. — Plumbago  successful  as  lubrication  where  oil 
failed,  77. — No  trouble  from  ashes  getting  into  valves,  78. — Expanding 
the  air  in  cylinder  not  successful,  79. — Larger  sized  engines  more  efficient, 
80. — Important  to  prevent  heating  of  joints,  81. — Consumption  of  fuel,  81. 

Wenham's  Heated-Aib  Engine.    See  Air  Engine,  Heated,  1873,  63. 

West,  F.  W.  S.,  elected  Member,  1857,  202.— Decease,  1861,  2. 

West,  H.  J.,  elected  Member,  1871,  117. 

West,  W.,  elected  Member,  1847. 

Westmacott,  p.  G.  B.,  elected  Member,  1862,  93.— Council,  1869,  19.— 1871, 
20. 
Corn  Warehousing  Machinery,  Paper  on  the  hydraulic  machinery  for 
warehousing  grain  at  the  Liverpool  docks,  1869,  208. — Barley  injured  in 
transporting  by  means  of  a  screw,  223. — Power  required  to  transport  grain 
by  screws  and  by  travelling  bands,  226.  —  Oblique  rollers  at  points  of 
throwing  off,  227. 

Weston,  T.  A.,  elected  Member,  1867,  60. 

Friction  Coupling,  Paper  on  an  improved  friction  coupling  and  break,  and 
its  application  to  hoists,  windlasses,  and  shafting,  &c.,  1868,  214. — 
Discs  for  ship's  windlass,  235. — Dm'ability  of  wood  discs,  236. 

Wetheeed,  J,,  Superheated  Steam,  mixture  of  ordinary  steam  and  superheated 
steam  to  control  temperature  of  cylinder,  1860,  35.  —  Results  of 
application,  36. 

Wheatley,  T.,  elected  Member,  1867,  60. 

Wheels,  Balancing.    See  Balancing  of  Wheels,  1848,  June,  2. 

Wheel  Moulding.    See  Moulding  Machine,  1855,  41. — 1868,  238. 

Wheels,  Teeth.    See  Teeth  of  wheels,  1848,  Apl.,  4. 

Wheel,  Wrought-Ieon,  Paper  on  a  solid  wrought-iron  wheel,  by  H,  Smith, 
1849,  Apl.,  9.— Wheel  disc-shaped,  and  forged  solid  in  one  piece  with  tyre, 
9.— Greater  strength  and  dui-ability  than  ordinary  wheels,  10.— Objections 
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"Wheel,  Wrought-Ieon  (continued). 

to  manufacture  of  ordinary  wheels,  10. — Separate  tyres  put  on  disc- 
■wheel  in  repairs,  11. — Process  of  manufacture,  11. — Soundness  of  make, 
and  freedom  from  risk  of  broken  tyre,  12. — Experiments  on  comparative 
resistance  of  air  to  disc-wheels  and  spoke-wheels,  13. — Advantage  of  less 
resistance  in  disc-wheel,  16. 

Discussion.— Ad&ms,  W.  A.,  20.— Allan,  A.,  20.— Beyer,  C.  F.,  20.— 
McConnell,  J.  E.,  18.— Middleton,  W.,  20.— Slate,  A.,  20.— Smith,  H.,  18, 
19,  20.— Stephenson,  E.,  18,  19,  20.— Woodhouse,  H.,  19. 
Wheeldon,  F.  K.,  elected  Member,  1856,  49. 
Whieldon,  W.,  elected  Member,  1872,  120. 

White,  A.,  Corn- Mill  Machinery,  Paj/er  on  improved  corn-mill  machinerj', 
1856,  140. — Speed  of  stones,  142. — Amount  of  wheat  ground  per  horn-,  143, 
White,  I.,  elected  Member,  1864,  59. 
White,  R.  L.,  elected  Associate,  1866,  104. 
Whitehead,  P.  0.,  elected  Member,  1868,  43. 

Colliery  Working,  Midland,  endless  chain  for  winding  in  Lancashire,  1870, 
168. 
Whitehead,  W.,  elected  Honorary  Member,  1862,  314.— Decease,  1871,  2. — 

Memoir,  19. 
Whitehouse,  H.  B.,  elected  Member,  1856,  49. 
Whitham,  James,  elected  Member,  1859,  54. 

Whitham,  Joseph,  elected  Member,  1859,  54. — Decease,  1867,  2. — Memoir,  16. 
Whitley,  J.  (Birmingham),  elected  Member,  1863,  58. 
Whitley,  J.  (Leeds),  elected  Honorary  Member,  1865,  219. 

Governor,  Allen,  slotted  disc  and  set-screw  to  adjust  position  of  spiral,  1873, 
56. — Stuffing-box  of  governor  spindle  and  throttle-valve  spindle,  58. 
Whitley,  J.  E.,  elected  Associate,  1873,  88. 
Whittaker,  T.,  elected  Member,  1863,  58. 
WHiSjKfEM,  T.  S.,  elected  Member,  1869,  276. 

Whittle,  W.,  Boiler  Lining,  deposited  mud  removed  by  blowing  ofE,  or  by 
opening  boiler  and  shovelling  out,  1871,  60. — Boiler  may  work  for  six 
months  without  cleaning  out  mud,  60. — Cost  of  application  of  lining  to 
boilers,  62. 
Whittle  Boiler  Lining.    See  Boiler  Lining,  1871,  48. 
Whitwell,  T.,  elected  Member,  1866,  18. 

Hot-Blast  Stoves,  modification  with  vertical  transverse  walls,  1870,  94. — 
Means  of  cleaning,  95.— Dimensions  of  stoves,  95. — Temperature  of  blast, 
96.— Cast-iron  plates  to  absorb  heat  of  escaping  gas,  97.  —  Saving  in 
consumption  of  coke,  98. — Probable  difficulty  in  cleaning  Cowper's  stoves, 
98. — Air  for  combustion  not  all  admitted  at  once,  105,  —  Cost  of  stoves, 
106. 
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Whitwell,  T.  (continued). 

Iron  Manufacture,  Hfematite,  failure  of  high  haematite  furnaces,  1871, 137. — 
Very  favourable  working  of  furnaces  at  Consett  Iron  Works,  138. — 
Temperature  of  blast  and  of  escaping  gases,  138. 
Whitwell's  Kegenerative   Hot-Blast    Stoves.     See   Hot'Blast   Stoves, 

1870,  94. 
Whitwoeth,  Sir  J.,  elected  Member,  1847.  —  Council,  1850,  Jan.,  5.  —  Vice- 
President,  1853,  7.  — 1854,  5.  — 1855,  5.  — President,  1856,  6.  — 1857, 
11.— Vice-President,  1858,  12.— 1859,  13.— 1860,  13.-1861,  13.— 1862, 
19.— President,  1866,  16. 
Address  as  President,  1856, 125.— Malleable  iron  and  steel,  126.— True  plane, 
and  measurement,  127.  —  Gradations  of  size  in  making  machines,  &c,, 
128. — Decimal  weights  and  measures,  129.— Increasing  use  of  machinery, 
130. — "Wages,  131. — Objections  to  taxes  on  special  articles,  131. 
Decimal  Measure,  Paper  on  a  standard  decimal  measure  of  length  for 
mechanical  engineering  work,  &c.,  1857,  134.  —  Proposed  decimal  scale 
including  same  sizes  as  old  gauges,  145.  —  Present  wire-gauges  very 
uncertain  in  size,  146. — Description  of  Whitworth's  measuring  machine, 
1859,  122.— Process  of  making  duplicate  of  standard  bar,  122. — Space  of 
l-2,000,000th  of  an  inch  can  be  perceived,  123. — Decimal  wire-gauges  and 
rules,  123.  —  Standard  cylindrical  gauges,  126.  —  Microscope  measuring 
instrument  for  line-measures,  126. — End  or  contact-measure  far  superior 
to  line-measure,  126. — Microscopes  not  suitable  for  workshop  use,  127. — 
Mode  of  making  ends  of  standard  bars  ti-uly  at  right  angles,  130.— Standard 
yard  line-measure  is  at  present  the  only  authorised  measm-e,  131. — Not 
advisable  to  attempt  to  fix  universal  unit  by  act  of  parliament,  131. 
Guns,  Proof  by  Measurement,  Paper  on  the  proof  of  guns  by  measurement, 
with  description  of  the  instrument  employed,  1866,  105.  —  Best  form  of 
shot  for  range,  110. — Windage,  110.— Proportion  of  powder,  111. — Effect 
of  air-space,  112.  —  Effect  of  increased  length  of  shot,  112.  —  PlaShum 
vent-piece,  114. 
Whitworth  Scholarships,  vote  of  thanks  on  founding,  1868,  163. 

Whytehead,  W.  H.  K.,  elected  Member,   1852,  41.  — Decease,  1866,  2.— 
Memoir,  14. 
Pump,  Paper  on  a  new  direct-acting  steam  pump,  1852,  174. 

WiCKHAM,  H.  W.,  elected  Member,  1859,  248.— Decease,  1868, 2.— Memoir,  IS. 

WiCKHAM,  L.  W.,  elected  Member,  1859,  248. 

Wicksteed,  J.  H.,  elected  Graduate,  1868,  104. 

Wicksteed,  T.,  elected  Member,  1863,  15.— Decease,  1872,  2.— Memoir,  22. 

WiGHAM,  J.  R.,  elected  Member,  1868,  104. 

WiGRAM,  R.,  elected  Member,  1868,  104. 

Wild,  C.  J.,  elected  Member,  1847, 


216  W. 

Wilkes,  G.,  elected  Member,  1867,  234. 
Wilkes,  J.,  elected  Member,  1867,  234. 
WiLKiESON,  C.  v..  Col.,  elected  Member,  1868,  20. 
Williams,  B.,  elected  Member,  1854,  49. 
Williams,  E.,  elected  Member,  1865,  54. 

Puddling,  Mecbanical,  very  efficient  stirring  in  revolving  vessel,  1867, 163. — 

Cinder  fettling,  165. — Cooling  of  vessel  between  beats,  165. 
Williams,  Sir  F.  M.,  elected  Member,  1872,  76. 
Williams,  R.,  Original  Member,  1847. 

Boiler,  Cast-Iron,  doubtful  if  cast  iron  will  prove  durable  enougb  for  boilers, 

1871,  278. 
Turntable,  Wrought-Iron,  great  advantage  of  ribbed  section  of  iron  for 

girders,  &c.,  1866,  50. — Butt  joints  of  ribbed  iron  even  stronger  than  the 

solid,  51. 
Williams,  R.  P.,  elected  Member,  1859,  54, 

Dredgers,  mode  of  removing  spoil  in  light  ground  by  forcing  through  pipe, 

1867,  215. 
Williams,  Walter,  elected  Graduate,  1850,  July,  43.— Member,  1869, 120. 
Railway  Axles,  fibre  of  iron  injured  by  quenching  in  water  when  hot,  but 

restored  by  drawing  down  hot,  1850,  Jan.,  15. 
Williams,  William,  elected  Member,  1858,  45. — Decease,  1860,  2. 
Williams,  W.  L.,  elected  Member,  1873,  88. 
Williamson,  A.  W,,  elected  Honorary  Member,  1861,  109. 

High-Pressure   Steam  Engine,   Paper  on  a    boiler,    engine,    and    surface 

condenser,  for  very  high-pressure  steam  with  great  expansion,  1861,  94. — 

Necessity  of  surface  condensers  for  high-pressure  boilers,  106. 
WiLLMAN,  C,  elected  Member,  1870,  19. 
Wills,  W.  R.,  elected  Honorary  Member,  1855,  97. 
Wilson,  A.,  elected  Graduate,  1872,  120. 
Wilson,  E.,  elected  Member,  1856,  80.— Council,  1860,  13. 
Wilson,  E.  B,,  elected  Member,  1847.— Re-elected,  1858,  80. 
Wilson,  G,,  elected  Member,  1859,  54. 
Wilson,  H.,  elected  Member,  1867,  60. 
Wilson,  J.  (St.  Helen's),  Pyrometer,  Paper  on  a  new  mode  of  measuring 

high  temperatures,  1852,  53. — Durability  of  clay  pieces,  59. 
Wilson,  J.  (Westbromwich),  elected  Member,  1857,  202. 

Spring,  Pafer  on  a  new  convex-plate  laminated  spring,  1857,  219. — Weight 

of  spring,  224. — Amount  of   convexity  of  plates,  225. — Testing  strain, 

225. 
Wilson,  J.  C,  elected  Member,  1863,  246. 
Wilson,  J.  E.,  elected  Member,  1865,  219. 
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Wilson,  J.  W.,  elected  Member,  1852,  41. 

Wood  Shaping  Machinery,  Paper  on  improved  machinery   for   rounding, 

surfacing,  and  shaping  wood,  1857,  77.— Cost  of  rounding  and  heading 

machines,  81. 
Wilson,  R.,  elected  Member,  1857,  202. 

Balanced  Valve,  saving  from  application  to  winding  engines,  1857,  194. — 

Very  little  wear  when  applied  to  locomotives,  194. 
Wilson,  S.,  elected  Member,  1872,  254. 
Wilson,  T.  S.,  elected  Member,  1873,  46. 
Wilson,  W.,  elected  Member,  1860,  250. 

Wilson's  Steam  Engine  and  Governor.     See  Steam  Engine,  Portable,  1853,  69. 
Winby,  C.  E.,  elected  Member,  1865,  219. 
WiNBT,  F.  C,  elected  Member,  1867,  19. 
Winby,  W.  E.,  elected  Member,  1862,  20. 
Winding    Engine,    Paper    on    a    new  description   of    winding   engine,  by 

W.  Fairbairn,  1853,  1.37. — Progress  of  steam  engine,  137. — Arrangement 

of  pit,  138. — Description  of  engine,  139. — Balancing  weight  of   crank, 

&c.,  140. — Winding  ropes,  tubs,  &c.,  141. — Speed  of  winding,  141. 
i)t«c!mio».— Dyer,  W.,  141,  142.— Fairbairn,  W.,  141,  142. 
Winding  Engines,  Portable.     See  Mining  Engines,  Portable,  1873,  167. 
WiNGATE,  T.,  elected  Member,  1848,  July,  20. 
Winn,  C.  W.,  elected  Member,  1872,  254. 
WiNSTANLEY,  E..,  Jun.,  elected  Member,  1872,  120. 

Coal-Cutting  Machine,  Paper  on  a  coal-cutting  machine  with  rotary  cutter, 

worked  by  compressed  air,  1872,  211. — Cutting  not  at  bottom  of  seam, 

219. — Releasing  machine  when  coal  falls  dowm,  219. 
WiNTEE,  T.  B.,  elected  Member,  1859,  248. 
WiRE-RoPE  Bkidge.     See  Bridge,  Wire-Rope,  1870,  249. 
WiEE-RoPE  Manufacture.     See  Rope  Manufacture,  1862,  170. 
WiEE-RoPE  Navigation.     See  Towing  Canal  Boats,  1869,  240. 
WiEE-RoPE,  Steel,  durability  of,  1873,  174. 

WiEE-RoPE  Travelling  Crane.     See  Crane,  Travelling,  1868,  164. 
Wise,  F.,  elected  Member,  1863.  246.— Decease,  1869,  2.— Memoir,  17. 
Wise,  W.  L.,  elected  Member,  1872,  254. 
WiTHlNSHAW,  J.,  elect€d  Member,  1872,  120. 
Withy,  E.,  elected  Member,  1871,  117. 
Wolfram,  mode  of  removing  from  tin  ore,  1873,  142,  143. 
Wood,  L.,  elected  Member,  1868,  104. 
Wood,  Nicholas,  elected  Member,  1858,  80. — Council,  1859,  13. — Decease, 

1866,  2.— Memoir,  15. 
Colliery,  Newcastle,  Paper  on  the  improvements  and  progress  in  the  working 
and  ventilation  of  coal  mines  in  the  Newcastle-on-Tyne  district  within 
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Wood,  Nicholas  (continued). 

the  last  fifty  years,  1858,  177. — Mechanical  ventilation  only  suitable  for 

moderate  quantities  of  air,  233. — Probable  duration  of  coal,  235. 
Wood,  T.  J.  V.,  elected  Member,  1869.  20. 
Wood  Bearings,   Paper   on  wood  bearings   for   screw  propeller   shafts,   by 

J.  Penn,  1856,  24. — Rapid  wear  of  brass  bearings,  24. — Mode  of  applying 

wood    bearings,     25. — Successful     application    to    ships,    25. — Original 

experiments  on  wood  bearings,  26. — Application  to  thrust  bearings,  28. — 

Table  of  experiments  on  friction  of  bearings,  29. 

Discussion.— ?>xo\ra.,  J.,  82.— Fairbairn,  W.,  30, 32,  33,  34.— Hawkes,  W., 

33.— Smith,  F.  P.,  30,  32,  33,  34. 
Wood  Bearings,  Paper  on  wood  hearings  as  applied  to  the  shafts  of  screw 

steam  ressels,  by  J.  Penn,  1858,  81. — Great  durability  of  wood  bearings. 

81. — Wood  bearings  for  receiving  end  thrust  of  screw  shafts,  82. — Table 

of  experiments  on  wood  and  metal  bearings,  84. 

2><scMSSio«.— Cochrane,  A.  B.,  89,  91. — Froude,  W.,  87,  90. — Maudslay, 

H.,  88,  89.— Muntz,  a.  F.,  90,  91.^Penn,  J.,  85,  87,  89,  91.— Siemens, 

C.  W.,  87,  89.— Smith,  I.,  90.— Smith,  W.,  87,  88. 
Wood- Shaping  Machinery.     See  Shaping  jMachine  for  Wood,  1857,  77. — 

Copying  Machinery,  1858,  237. 
WOODALL,  S.,  elected  Member,  1865,  54. 
Woodhead,  J.  P.,  elected  Member,  1873,  88. 
WOODHOUSE,  H.,  elected  Member,  1848. — Council,  1857,  11. 

Permanent  Wa}',  greater  depth  of  rail  required,  1849,  Apl.,  31. — Objection 

if  broken  chairs  could  not  be  replaced  without  taking  rail  out,  31. 
Railway  Crossing,  Paper    on  an  improved  construction  of  crossing,  1856, 

35. — Cost  of  improved  crossing.  36. 
WooDHOUSE,  J.  T.,  elected  Member,  1851,  Jan.,  8, 
WooDHOUSE,  W.  H.,  elected  Member,  1861,  53. — Decease,  1865,  2. — Memoir, 

18. 
Woods,  H..  elected  Member,  1858,  266. 

Aero-Steam  Engine,  vertical  multitubular  boiler  with  very  rapid  evaporation, 

no  scale  deposited,  1870,  244. 
Railway  Bridge  Piers,  mode  of  sinking  very  large  brick  cylinder  for  a  well, 

1863,  31. 
Tubbing,  Cast-iron,  protection  of  pipes  by  glass  enamel,  1861,  206. 
Woods,  J.,  Original  Member,  1847. 
WOOLLEY,  John,  elected  Honorary  Member,  1863,  114. 
WooLLEY,  Joseph,  elected  Honorary  Member,  1854,  5. 
Workshops,  Locomotive,  Paper  on  the  workshops  for  the  locomotive,  carriage, 

and  wagon  departments   of  the  Manchester   Sheffield  and  Lincolnshire 

railway,  by  R.  Peacock,  1851,  Jan.,  22.  —  Position  and  general  plan  of 
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"WoEKSHOPS,  Locomotive  (continued). 

■works,  22. — Engine  shed,  23. — Turntable,  and  roof  of  shed,  24. — Fitting 

shops,  24.— Carriage  shop,  25. — Coke  shed,  25. 

Discussion.  —  Cowper,  E.  A.,  26.  —  Dockray,  R.  B.,  26.  —  Gibbons,  B., 

26.— McConnell,  J.  E.,  27.— Peacock,  R.,  25,  26. 
"WoESDELL,  T.  W.,  elected  Member,  1864,  59. 
WOESSAM,  S.  W.,  elected  Member,  1860,  90. 
WOETHINGTON,  S.  B.,  elected  Member,  1860,  14. 

A^BAY,  W.,  elected  Member,  1866,  265.— Decease,  1872,  2.— Memoir,  24. 
Ween,  H.,  elected  Member,  1866,  103. 
Weight,  B.,  elected  Member,  1859,  14. 
Weight,  C.  T.,   Tubbing,  Cast-Iron,  wood  packing  blown  out  by  gas  behind 

tubbing,  1861,   203.  — Tubbing   at   Shireoak    Colliery,   203.  — Segments 

broken  by  wedging  too  tight,  204.  —  Corrosion  of  pressure-pipes  leading 

from  tubbing,  205. 
Weight,  E.  A.,  elected  Associate,  1870,  126. 
Weight,  G.  B.,  elected  Member,  1870,  126. 
Weight,  H.,  elected  Member,  1848. — Council,  1855,  5. 

Boiler,  Paper  on  an  improved  steam-engine  boiler,  1854,  123. 

Railway  Wagons,  axleguard  bolts  broken  when  shunting  iron-framed  wagons, 

1852,  211. 
Weight,  J.  (Birmingham),  elected  Member,  1848. — Decease,  1860,  2, 

Railway  Carrying  Stock,  increase  in  size  and  weight  of  carriages,  1851, 

Jan.,  18. 
Safety  Buffer,  objection  that  last  carriage  if  detached  by  collision  would 

cause  danger,  1848,  ApL,  17.  —  Great  difficulty  in  alteration  of  carriages 

in  use,  18. 
Weight,  J.  (Stockton),  elected  Member,  1860,  14. 

Packing  for  Pistons,  steel  rings  with  water-pressure  acting  behind  them  very 

satisfactory  for  water-works  pumps,  1862,  325. 
Wright,  J.,  Jun.,  elected  Member,  1859,  248. 
Weight,  J.  G.,  Riveted  Joints,  experiments  on  strength  of  diagonal  joint,  1872, 

77. — Difference  of  strength  of  plate  longitudinally  or  crossways  of  grain, 

78. — Strength  of  diagonal-jointed  boilers,  90. — No  difficulty  or  waste  in 

shaping  plates  for  diagonal-jointed  boilers,  90. 
Weight,  J.  R.,  elected  Graduate,  1867,  19. 
Weight,  J.  T.,  elected  Member,  1867,  19. 
Weight,  C,  elected  Member,  1863,  246. 
Weight,  P.,  elected  Member,  1863,  113. 
Weight,  T.  B.,    Steam   Cultivation,  proved  very  successful,  1865,  82. — Only 

light  harrowing  requisite  after  steam  ploughing,  83. 
Weight,  W.,  elected  Member,  1871,  117. 
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Wrightson,  T.,  elected  Member,  1871,  262. 

Weiglet,  F,,  elected  Member,  1859,  54.— Decease,  1863,  2.— Memoir,  13. 

Friction  Coupling,  cost  of  coupling,  1858,  26. 
Wrought- Iron  Lighthouse.     See  Lighthouse,  Wrought-Iron,  1861,  15. 
Wrought-Iron  Piston.     See  Piston,  1854,  119. 

Wrought-Iron  Turntable.    See  Turntable,  Wrought-Iron,  1866,  43. 
Wrought-Iron  Wheel.     See  Wheel,  Wrought-Iron,  1849,  Apl.,  9. 
Wyllie,  a.,  elected  Member,  1865,  102. 

Kiveter,  Portable  Steam,  Paper  on  a  portable  steam  riveter,  1865,  129. 
Wymer,  F.  W.,  elected  Member,  1853,  45. 

Wynne,  F.  G.,  Telegraph  Machinery,  success  of  paying-out  Atlantic  cable  due 
greatly  to  steadiness  of  "Great  Eastern,"  1867,  43.— Tarred  cable  easier 
to  pay  out  than  plain  hemp-covered  cable,  44. 


Yarrow,  T.,  elected  Member,  1856,  80. 

Yates,  J.,  Decimal  Measure,  Inch  and  Metre,  reasons  for  selecting  metre  as 

unit,  1865,  36. — Metre  more  extensively  used  than  inch,  37. — Facility  of 

learning  metrical  system,  39. 
Young,  C.  F.  T.,  elected  Member,  1873,  46. 
Young,  J.,  elected  Member,  1856,  4-9. 
Yule,  W.,  elected  Member,  1861,  211. 


z. 

2-Cbank  Engine.    See  Marine  Engine,  1856,  159. 
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A. 

Abbott,  T.,  elected  Member,  1S7S,  107. 

Feed-Water  Heater  and  Filter,  1881,  546. 

Abbott,  W.  S.,  elected  Member,  1883,  309. 

Abel,  Sir  F.  A.,  nominated  Honorary  Life  Member,  1SS3,  54. 

Steel,  Hardening  &c.,  Memorandum  on  results  of  preliminary  experiments 
made  with  thin  discs  of  Steel,  1881,  696.— Kemarks,  1882,  147.— 
R^^port  on  further  experiments  bearing  upon  the  question  of  the 
Condition  in  -which  Carbon  exists  in  Steel,  1S83,  56. — Eemarks,  1883, 
09,  71. 

Aberaman  Colliekt,  Aberdare  Valley,  "Waddle  ventilating  fan,  1874,  235. 

Abekcaen  Tin-Plate  Works,  visited  at  Summer  meeting,  Cardiff,  1884, 359, 392. 

Abeknethy,  J.,  elected  jMember,  1874,  101. 

Vote  of  Thanks  to  President  for  Address,  1881,  424. 

Abouchoff  Steel  Works,  1880,  225.  Experiments  on  tensile  strength  of  steel, 
183.     See  Steel, 

Accidents,  Mine,  Paper  on  Special  IMechanical  Appliances  for  meeting  the 
requirements  of  certain  classes  of  IMine  Accidents,  by  C.  Hawksley  and 
E.  B.  Marten,  1877,  314. — Injury  and  danger  from  accidents  greatly 
aggravated  by  insufficiency  of  mechanical  means  available,  314. — Loss  of 
valuable  temporary  appliances,  315. — Cases  illustrating  frequency  of 
accidents  that  require  aid  of  mechanical  appliances,  315. — Need  for 
protection  of  explorers,  317. — SiDecially  trained  divers  required  with 
suitable  diving  apparatus,  317. — Air-lock  for  compressed  air,  317. — 
Specially  arranged  apparatus  for  mine  accidents  to  be  kept  at  some  central 
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Accidents,  Mine  (continued). 

depot,  317. — Kequiremeuts  to  be  kept  in  view,  318. — Machinery  and 
apparatus  most  desirable,  318. — Greatest  rapidity  and  efficiency  required, 
not  durability  and  economy  in  •working,  319. — Pulsometer  and  ejector,  319. 
— Forms  of  pumps  adapted  for  the  purpose,  320. — Water-spear  pump,  320. 
— Special  portable  boilers,  321. — Air-compressors,  322.— Air-lock,  322. — 
Boring  apparatus,  322. — Portable  winding  gear  and  engines,  322. — Means 
of  providing  the  special  appliances  required,  323. 

Discussion. — Tylor,  J.  J.,  Proportion  of  deaths  from  different  classes  of 
accidents  in  different  districts,  321 ;  permanent  refuges  below  ground 
must  be  supplied  by  independent  ventilation,  325 ;  difficulty  in  proceeding 
long  distances  with  diving  apparatus  at  great  depths,  32G. — Paget,  A., 
Institution  might  give  assistance  for  promoting  the  object  proposed,  32G. 
— Davy,  H.,  Instances  in  which  special  pumping  appliances  would  have 
been  useful,  327 ;  working  of  hydraulic  pumping  engine  under  special 
conditions,  328  ;  apjDaratus  for  pumping  out  water  from  flooded  collieries, 
329. — Riches,  T.  H.,  No  advantage  from  hydraulic  engine  if  used  in  main 
shaft,  329  ;  air  supply-pipe  to  underground  refuge,  undesirable  without  an 
air-lock,  330. — Williams,  R.  P.,  Admirable  suggested  organisation,  like 
railway  "break-down  gangs,"  330;  diving  apparatus,  331;  ejection  of 
steam  to  expel  bad  air,  332 ;  risk  attending  underground  refuges,  333. — 
Fell,  J.  C,  Hydraulic  engine  not  suitable  for  relieving  accumulation  of 
water  in  flooded  mine  in  the  case  instanced,  333. — Cowper,  E.  A., 
Knowledge  of  appliances  used  at  colliery  accidents  should  be  spread  to  other 
collieries,  333 ;  means  of  supplying  ventilation,  331 ;  powerful  pumping 
arrangement  required,  334. — Tweddell,  R.  H.,  Air-lock  for  conveying  food, 
and  extricating  men  in  mine  accidents,  336 ;  organisation  of  plans  for 
relief  should  be  earned  out  by  miners  themselves,  33G. — Robinson,  J., 
Application  of  ejector  for  lifting  water  out  of  a  flooded  mine,  and  also  for 
extracting  foul  air,  336. — Cowper,  E.  A.,  Efficient  air-ejecting  arrangement, 
337. — Davey,  H.,  Arrangement  of  hydraulic  pumping  engines,  337; 
weight  of  water-spear  pump,  338. — Riches,  T.  H.,  Influx  of  water 
controlled  by  dam,  339. — Head,  J.,  Means  of  obtaining  the  required 
machines,  339. — Richardson,  W.,  Water-spear  pump  well  adapted  for 
emergencies,  340 ;  fluid-compressed  steel  suitable  for  making  very  light 
pipes  for  great  depths,  340. — Sturgeon,  J.,  Means  of  protection  for  explorers 
after  a  mine  accident,  341. — Seddon,  J.  F.,  342. — Hawksley,  C,  Divers 
might  with  special  appliances  be  enabled  to  proceed  to  great  distances, 
343  ;  underground  refuges  would  be  very  good  if  properly  carried  out,  343  ; 
length  of  air-lock,  343;  desired  organisation  should  be  carried  out  voluntarily 
by  colliery  owners  rather  than  by  legislative  action,  343 ;  steam  jets  for 
ventilating  found  to  work  very  well,  343  ;  desirable  that  Institution  should 
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AociDEXTS,  :Mixe  (continued). 

recommend  to  mine-owners  forms  of  apparatus  best  calculated  to  deal  with 
mine  accidents,  344  ;  machinery  used  would  have  to  be  specially  made  for 
the  purpose  in  view,  345  ;  apparatus  for  protection  of  explorers  should  be 
kept  at  every  pit,  346.-Hawksley,  T.,  Number  of  cases  connected  with 
sioking  and  mining  operations  where  special  apparatus  is  waated  for 
urgent  but  temporary  purposes,  347. 
AooouxTS,  Abstract  of  receipts  and  expenditure,  1S74, 15.— 1875,  18.— 1S70,  16.— 
1877,  15.-1878,  24.— 1879,  28.-1880,  lG-17.— ISSl,  16-17.-1S82,  22.— 
1883,  42-45.-1884,  10-13. 
AocTMULATOB.    Intensifying,    1874,    1  OS.- Steam    accumulator    for    hydrauHc 

machines,  1874,  34,  50. 
AcHARD,  A.,  Power  Transmission,  Paper  on  the  various  modes  of  Transmitting 

Power  to  a  distance,  1881,  57.— Remarks,  100. 
Adam,  F.,  elected  Graduate,  1884,  199. 
Adams,  H.,  elected  Member,  1876,  57. 

Adams,  T.,  elected  Member,  1875,  314.— Decease,  1883,  36.- Memoir,  1883,  1. 
Condenser,  McCarter,  1876,  314. 
Dynamometers,  1876,  238. 
Puddling,  Mechanical,  1876,  284. 
Steam-ship  "  City  of  Eome,"  1880,  348. 
Steel  Compression  by  Steam,  1880,  407,  408. 
Valves,  Safety,  1877,  190. 
Adams,  W.,  electefl  Member,  1879,  155. 
Adams,  W.  A.,  Rules,  1877,  28. 
Adams,  AV.  G.,  Electric  Lighting,  1879,  256. 
Adams,  W.  J.,  elected  Member,  1881,  408. 

ADAiisox,  D.,  elected  Member  of  Council,  1876,  2G.— ISSO,  24.— 1883,  53. 
Armour,  Construction  of,  1879,  76. 
Boiler  and  Engine,  High-Pressme,  1877,  133. 
BoQer,  Laacashire,  1876,  89. 
Compressed-Air  Engines  for  Tramways,  1881,  670. 
Coimcil,  Annual  Report,  1884,  20. 
Cultivation  by  Horses,  1880,  549. 
Diilling  Machines,  1878,  584. 
Engines,  Winding,  Direct-acting,  1875,  239. 
Harvesting  Machinery,  1881,  52. 
High-Pressure  Vessels,  1878,  280,  281. 
Hydraulic  Machinery,  "Workshop,  1874,  176. 
Howe,  career  of  late  W.  Howe,  1880,  23. 
Locomotive,  Brown's  Tramway,  1880,  72. 
Locomotive,  Francr^'s  Fireless,  for  Tramways,  1879,  631. 


Adamsok,  D.  (continued). 

Marine  Engine,  1881,  501. 

Mines,  Fumess  Iron  Mines,  1880,  374. 

Plate  Eolling  Machinery,  1880,  95,  97. 

Kesearch,  Mechanical,  1879,  48. 

Eiveting,  Hydraulic,  1874,  176. 

Eules,  1878,  35,  40.— 1880,  34. 

Safety  Lamps,  1879,  229. 

Ships,  Iron  and  Steel  for,  1881,  571. 

Steam-sliip  "  City  of  Rome,"  1880,  352. 

Steel,  Fluid-Compressed,  and  Guns,  1875,  297, 

Steel  Boiler  Experiments,  1878,  248,  254,  204. 

Steel  Plant,  Bessemer,  1881,  G37. 

Testing  Machine,  Single-Lever,  1882,  393. 

Tuyere,  Open  Spray,  187G,  362,  365. 

Ventilator,  Eoots'  Mine,  1877,  107. 

Adamson's  Boiler-Shell  Drilling  Machine,  1878,  570,  584. 

Adamson's  Engineering  "Works,  Hyde,  1875,  307. 

Adcock,  F.  L.,  elected  Member,  1878,  293. 

Addreoses  of  Presidents  : — 

Bell,  I.  Lo\vthian,r.E.S.,  at  Cardiff  meeting,  1884, 202. — Ecasons  for  selecting- 
Iron  as  subject  of  address,  202.  —  Progress  in  machine  construction, 
203. — Early  iron  workers,  203. —  Primitive  modes  of  manufacture  still 
in  use,  204. — Efficiency  of  Bessemer  process  compared  with  puddling,. 
205. — Defects  in  manufactured  malleable  iron,  206. — Carbon  in  steel 
and  in  iron,  206.  —  Eed-shortness  due  to  presence  of  oxygen,  207. — 
Comparison  of  puddling  and  Bessemer  processes,  208.  —  Delay  in 
substituting  steel  rails  for  iron,  208.—  Shipbuilding  in  wood,  iron, 
and  steel,  209.  —  Alloying  iron  with  other  metals,  210.  —  Question  of 
more  economical  production  of  iron,  211. — Direct  process,  211. — 
Economy  of  present  smelting  operations,  212.  —  Eelative  position  of 
British  and  Continental  iron-trade,  213. — German  duty  on  iron,  214.— 
Effect  of  basic  process  on  German  steel-rail  manufacture,  215. — 
Eoyalties  in  Great  Britain  and  on  the  Continent,  215.  —  Comparative 
work  and  wages  of  British  and  Continental  ironworkers,  216. — Prices 
of  labour,  217. — Shipbuilding  in  Norway  with  English  iron,  218.— Daily 
wages  in  Durham  plate-mill,  219. — Sliding-scale  found  satisfactory  for 
regulation  of  wages,  220. — Mechanical  engineering,  221. —  Apportionment 
of  coal-consumption,  222. 

Bird,  E.,  Mayor  of  Cardiff,  Vote  of  thanks  to  President  for 
Address,  223. — Colquhoun,  J.,  Seconds  vote  of  thanks,  224. — Head, 
J.,  Supijorts  vote,  224.— Carbutt,  E.  H.,  Technical  education,  224.— 
Bell,  I.  L.,  Eeply  to  vote  of  thanks,  226. 
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Addbesses  of  Presidents  (continued). 

Bramwell,  F.  J.,  F.R.S.,  at  Cardiff  meeting,  1874,  103.— Mechanical 
engineering,  range  of  subjects,  104.  —  "Water  and  gas  supply,  105. — 
Steam  printing  press,  106. —  Railway  locomotion  and  steam  navigation, 
107. —  Mining  and  iron  making,  108.  —  Means  of  advancing  the 
profession  of  mechanical  engineering,  109. — Preservation  of  coal,  110. — 
Utilising  other  natural  sources  of  power,  111. — Importance  of  economising 
coal,  112. — Substitution  of  mechanical  force  for  manual  labour,  113. — 
Further  improvements  to  be  desired,  114. — Change  in  special  character 
of  mechanical  engineering,  116. 
Oowper,  E.  A.,  at  Annual  General  meeting,  1880,  28. — Success  of  removal  of 
Institution  to  London,  28. — Position  of  England  in  respect  to  advancement 
of  manufactures,  29. — Need  of  co-operation  between  manufacturers  and 
engineers,  30. — Advantages  of  Institution  for  this  purpose,  31. 
Cowper,  E.  A.,  at  Barrow  meeting,  1880,  312. — Depression  in  trade,  and 
means  of  promoting  manufactures,  312. —  Technical  education,  313.  — 
Advantages  from  greater  enterprise  in  engineering  and  manufactures, 
313. — Bessemer  manufacture,  314. — Gradual  advance  of  inventions  and 
improvements,  314-317. — Most  recent  improvements,  317. — Want  of  further 
special  machines,  319. — Advantage  of  interchanging  ideas,  320. 

"Williams,  E.,  Iron  and  steel  makers  at  home  not  behind  foreigners, 

320 ;   Bessemer  process  and  rolled  girders  taken  up  very  early  at 

Dowlais,  321 ;  aid  wanted  from  mechanical  engineers,  321. — Eobinson, 

J.,  "Why  was  manufiicture  of  girders  abandoned  at  Dowlais,  322 ; 

address  is  a  stimulus  to  further  progress,  322. — Menelaus,  "W.,   No 

demand  for  rolled  girders  when  made  at  Dowlais,  322 ;  early  adoption 

of  Bessemer  process  at  Dowlais,  323. 

Cowper,  E.  A.,  at  Newcastle  meeting,  1881,  413. — Formation  of  Institution, 

■with  George  Stephenson  as  first  President,  413. — Low  prices,  and  effect 

of  foreign  wars,  414. —  Damaging  effects  of  excessive  protective  duties, 

415. — Better  and  cheaper  manufacture  needed,  416. — Recent  improvements 

in    steam    shipping,    416. —  Stationary    and    locomotive  engines,   417. — 

Automatic  continuoxis  brakes,  and  railway    signalling,  418. — American 

river  and   harbour    improvements,  418.  —  Lighthouse    illumination  and 

electric  lighting,  419. — Steel  making,  and  steel  sleepers,  419. — Cast-iron 

street  pavement,  420. — Manufacture  of  tin-plates,  casks,  watches,  420. — 

Excavating  machinery,  420. — Manufacturing  chemistry  and  glass  making, 

421. — Practical   application  of   discoveries,  422. — Honours    conferred  on 

engineering  profession,  423. 

Hawksley,  Thomas,  at  Bristol  meeting,  1877,  167. — Especially  indebted  to 

the  gentlemen  concerned  for  the  distinguished  manner  in  which  they  had 

received  the  Members  at  Bristol  Meeting,  167. — Altered  position  of  the 

Institution  and  its  future  prospects,  168. —  Changes  connected  with  the 
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removal  of  the  Institution  to  London,  169. — Benefits  of  the  Institution  to 
mechanical  engineers,  170. —  Eecent  commercial  depression  and  inventive 
inactivity,  170. — War  an  inevitable  calamity  to  be  provided  against,  170. 
— Necessity  for  securing  the  paths  of  ocean  for  import  of  national  food, 
171. — Great  annual  loss  of  foreign  trade  from  labour  being  too  dear,  172. 
— False  notions  of  workmen  on  international  political  economy,  173. — 
Cost  of  all  commodities,  labour  included,  must  be  closely  assimilated  to 
cost  on  Continent  and  in  America,  174. 

Kobinson,  John,  at  Paris  Meeting,  1878,  295.  —  Various  branches  of 
engineering,  295. — Over-production  is  not  yet  in  reality  possible,  296. — 
Eeasons  for  encouraging  engineers  to  pursue  their  efforts  in  each  branch, 
297. — Great  aim  in  any  engineering  labour  is  to  produce  the  best  results 
■within  reach,  298.  —  Constitution  of  Institution,  298. — Offices  of 
Institution,  298. — Tlianks  due  to  friends  who  have  given  facilities  to 
members,  299.— Ditto  to  writers  of  papers,  299.— Ditto  to  Honorary 
Local  Secretary,  300. 

Anderson,  J.,  Vote  of  thanks  for  President's  address,  300. 

Kobinson,  John,  at  Glasgow  meeting,  1879,  399. —  On  cheap  internal 
transport  considered  as  a  necessity  for  the  prosperity  of  a  country,  399. — 
Koadway  and  hauling  power,  402. — Collateral  advantages  of  cheapening 
transport,  403. — Thanks  to  Local  Committee,  &c.,  404. 

Kowan,  D.,'  Cheapening  of  transport  always  calls  forth  a  demand, 
404 ;  vote  of  thanks  for  President's  address,  405. 

Westmacott,  Percy  G.  B.,  at  Leeds  meeting,  1882,  259. — Extension  and 
cheapening  of  transport  by  land  and  by  water,  260. — Evil  of  waste, 
especially  smoke,  201. — No  useful  invention  is  ever  wasted,  261 : — 
illustration  from  lighting,  261 : — ditto  from  land  transport,  262. — Steam 
trains  of  coal-barges  on  Aire  and  Calder  Canal,  263. — Hydraulic  ship- 
hoists  for  discharging  cargoes,  263. — Quicker  and  cheaper  discharging  is 
important  both  for  steamers  and  for  docks,  264. — Ditto  for  goods-sheds 
and  warehouses,  205.— Precautions  for  protection  of  trade  against  war, 
265. 

Westmacott,  Percy  G.  B.,  at  Belgian  meeting,  1883,  317. — Development 
of  Belgian  industries,  317.  —  Engineering  progress,  318.  —  Eelation  of 
engineering  to  other  sciences,  319. — Eelation  of  speed  to  quality  of  work 
in  engineering,  320. — Speed  in  shijis  of  war,  320 ;  ditto  in  torjiedo  boats 
&c.,  321 ;  ditto  on  railways,  322. — Substitution  of  petroleum  refuse  for 
coal  in  locomotives,  323. — Speed  in  tunnelling,  324. — Speed  in  spinning 
machinery,  324. — Progress  in  modern  artillery,  325 ;  ditto  in  facilities 
for  water  traffic,  327. — Principle  of  high  speed,  327. — Progress  in  war 
materials,  328. 


Admikalty  Treatment  of  marine  boilers,  1884,  351.    See  Boiler  Corrosion. 
Agricultural  Machinery.    See  Cultivation  by  Horses,  1880,  529. — Harvesting 

Machinery,  1881,  34.— Thrashing  Machines,  1881,  369.— Sowing  of  Seed, 

1882,  231. 
AiB-CoMPRESSiN'G  ExGUSES ;  Fowler's  engine,  1874,  205 ;  Jordan's  jramp,  1874, 

88;    high-speed   air-compressor,   1884,  249,  357.     See    Compressed   Air. 

See  Kock-Drilling  Machinery. 
AiK,  Compressed  Air  upon  tramways,  1881,  649.     See  Comi^ressed-Air  Engines 

for  Tramways.     See  Tramways,  Mechanical  Traction. 
Air,  Cooling  &c.,  1881,  105.    See  Cold  Air. 
Aldred's  permanent  way  for  Tramways,  1880,  198.    See  Tramways,  Permanent 

Way. 
Alexander,  E.  D.,  elected  Graduate,  1881,  164. 
Alexandra   Dock,   Newport,  visited  at  Summer  meeting,  Cardiff,  1884,   359, 

392-394. 
Allam,  E.  C,  elected  Member,  1883,  309. 
Allan's  Boiler-Shell  Drilling  Machine,  1878,  570. 
Allan,  A.,  Gauge,  Standard,  for  High  Pressures,  1880,  470,  472. 
Allan,  G.,  elected  Member,  1875,  65. 

Compressed- Air  Engines  for  Tramways,  1881,  (jQH). 

Ventilator,  Boots'  Mine,  1877,  111. 
Allen,  A.  E.,  elected  Member,  1884,  198. 
Allen,  F.,  elected  Graduate,  1874,  27. 
Allen,  P.  R.,  elected  Member,  1881,  408. 
Allen,  S.  W.,  elected  Member,  1884,  198. 
Allen,  W.  E.,  elected  Associate,  1880,  186. 
Allen,  W.  M.,  elected  Member,  1882,  475. 
Allenheads    Lead    Mines,   Northumberland,    power    transmission    by    water 

pressure,  1874,  71. 
Alley,  S.,  elected  Member,  1877,  71. 

Locomotive,  Brown's  Tramway,  1880,  71. 

Traction  Engines  in  India,  1879,  528. 

Water-Power  Engines,  1879,  488. 

Water  Pressure,  Paper  on  the  maintenance  of  Constant  Pressure  in  water 
service  pipes,  1879,  423. — Kemarks,  441. 
Alleyne,  E.  H.  N.,  elected  Member,  1884,  408. 
Allgood,  R.  L.,  elected  Graduate,  1882,  16. 

Alliance  Machine  for  electric  lighting,  1878,  530.     See  Electric  Lighting. 
Alliott,  J.  B.,  Injector,  Automatic,  1884,  182. 
Allport,  C.  J.,  elected  Member,  1876,  347. 
Almond,  H.  J.,  elected  Member,  1884,  408. 
Amalgamation  op  Silver  Ores,  1884,  257.    Se-e  Silver  Ore  Amalgamation. 
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Am06,  C.  E.,  elected  Member  of  Council,  1875,  34.— Decease,  1SS3,  3G.— Memoir,  1, 
Boiler,  Lancashire,  1876,  121. 
Paper  Mill,  Ogi,  Japan,  1876,  156,  158,  160. 
Pump,  Helical,  1874,  293. 
Water  Supply  from  Chalk,  1876,  171. 
Anderson,  E.  W.,  elected  Graduate,  1880,  186. 
AxDEKsoN,  James,  electetl  Member,  1880,  185. 
Andersox,  John,  elected  Member  of  Council,  1876,  26.— 1878,  29. 
Address  of  President,  1878,  300. 
Hydraulic  Machinery,  Toulon,  1878,  382. 
Wood-Working  Machinery,  1875.  258,  262. 
Anderson,  J.  L.,  elected  Member,  1881,  624. 
Anderson,  S.,  elected  Member,  1884,  408. 

Anderson,  William  (London),  elected  Member  of  Council,  1879,  36. — 1882,  32. 
Boiler  Feeder,  Fromentin  Automatic,  1882,  490. 
Centrifugal  Separator,  1882,  524. 
Cutting  of  Metals,  1883,  255. 
Diving  Appliances,  1882,  201. 
Dredger,  Bazin,  1882,  117. 
Engine  Eccorder,  1884,  162.' 
Friction  Experiments,  1883,  653. 
Injector,  Automatic,  1884,  182. 
Paper  Mill,  Paper  on  the  Ogi  Paper  Mill,   Japan,  1876,  127.— Remarks, 

155,  161. 
Power  Transmission  by  Eopep,  1874,  67. 
Screw  Propellers,  1879,  602,  606. 
Sowing  Seed,  Machinery  for,  1882,  247. 

Steel,  Chornoff's  Papers,  Translation  of  D.  Chernofirs  paper  (1878)  on  the 
structure  of  Cast-Steel  ingots,  1880,  152. 
Paper,  Eemarks  on   D.    Chernoff's   papers  on   Steel,   1880,   225. — 

Eemarks,  232,  240,  243. 
Translation   of  D.  Chernoff's   paper  (1868)   on   the  manufacture  of 
Steel,  and  the  mode  of  working  it,  1880,  286. 
Steel,  Hardening  &c..  First  Report  on  the  Hardening,  Tempering,  and 

Annealing  of  Steel,  1881,  681.— Eemarks,  1882,  37,  146. 
Water  Meters,  1882,  66. 
Anderson,  William  (York),  elected  Graduate,  1882,  146. 
Angas,  W.  M.,  elected  Graduate,  1878,  558. 
Angleur  Steel  Works,  1883,  513,  537. 

Angus,  J.,  Welcome  to  Members  at  Newcastle  Meeting,  1881,  407. 
Angvs,  E.  N.,  decease,  1876,  2. — Memoir,  17. 
Annealing  of  Steel  Boiler  Plates,  1878,  227. 
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Annual  Genekal  Meeting,  1874,  1.— 1875,  1.— 187G,  1.— 1877,  1.— 1878,  19. — 
1879,  21.— 1880,  9.— 1881,  9.— 1882,  15.— 1883,  33.— 1884,  1. 

Annual  Keport  op  Council,  1874,  1.— 1875,  1.— 1876,  1.— 1877,  1.— 1878, 19.— 
1879,  21.— 1880,  10.-1881,  10.-1882,  IG.— 1883,  35.— 1884,  2.  See 
Council,  Annual  Eeport 

Anti-breakage  Crane.    See  Docks,  Cardiif. 

Antwerp  Docks  and  Harboitr  Works,  1883,  494,  516,  557.     See  Harbour  Works. 

Antwerp,  Meeting  in,  1883,  313.     See  Belgian  Meeting. 

Antwerp,  Notes  on  the  Trade  of  Antwerp,  by  G.  A.  Koyers,  1883,  557. — Eisa 
and  progi'ess,  557. — Docks,  557. — ^Kailway  stations,  550. — Diamond  works,. 
561. — Other  trades,  5G3. 

Appleby,  C,  Jun.,  elected  Graduate,  1878,  294. 

Appleby,  C.  J.,  Dredger,  Vertical-action,  1879,  554. 
Eock-Drill,  Diamond,  1875,  123. 

Appleby,  P.  V.,  elected  Graduate,  1883,  310. 

Aramburu  y  Silva,  F.,  elected  Member,  1874,  101. 

Archbold,  J.  G.,  elected  Member,  1881,  1G3. 

Archer,  D.,  electetl  Member,  1874,  27. 

Arens,  H.,  elected  Member,  1883,  593. 

Armer,  J.,  elected  3Iember,  1882,  254. 

Ariiitt,  H.,  Water  Meters,  1882,  98. 

Armour,  Paper  on  the  construction  of  Armour  to  resist  sliot  and  shell,  by 
C.  O.  Browne,  1879,  52. — Two  systems  for  destniction  of  armour,  52.^ 
Wrought-iron  plates  chiefly  in  use,  53. — Action  of  projectiles  on  armour 
plate,  54. — Equation  for  calculating  penetration  of  shot,  54. — Action  of 
various  projectiles  on  wrought-iron  plate,  55. — Solid  and  laminated  plates, 
56. — Experiments  with  38-ton  gun,  57. — Ditto  with  80-ton  gun,  58. — 
Peculiar  features  in  the  trials,  58. — Effect  of  strong  common  shell  against 
thin  plate,  59. — Important  to  know  what  thickness  of  plate  would  Ciiuse  a 
shell  to  explode  before  reaching  the  backing,  60. — Chilled  iron  plates,  60. 
— Steel  i^lates,  61, — Experiments  at  Spezia,  61. — Compound  plates,  63. — 
Experiments  on  the  "  Nettle  "  with  four  special  plates,  63. — Problem  to  find 
a  harmless  form  for  the  absorption  of  the  shock,  67. — Shot  capped  with 
wrought  iron  penetrated  where  chilled  iron  had  failed,  67. — Masses  of 
steel  covered  by  iron  would  prove  the  best  armour,  68. — Eesisting  jwwer  of 
the  various  classes  of  armour-clad  ships,  68 

Discussion. — Browne,  C.  O.,  Description  of  the  shot  used  at  Spezia,  69  ; 
recent  experiments  on  forms  of  shot,  and  on  coal  as  a  protection  to 
unarmom-ed  vessels,  69. — Siemens,  C.  W.,  Compoimd  armour  plating  would 
not  answer  well,  71 ;  projectile  should  be  tenacious,  plate  yielding,  72 ; 
sandwich  armour  recommended,  72, — Eobinson,  J.,  Whitworth  j^late, 
being  cast  under  pressure,  very  expensive,  73. — Browne,  C.  0.,  Process- 
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recommeuded  for  making  Whitworth  plate,  73. — Hulse,  W.  W.,  What 
experiments  on  sandwich  plates  struck  at  an  angle  by  flat-headed 
projectiles,  73. — Oolomb,  P.,  Difference  between  iron  and  steel  in 
direction  of  the  work  done,  74  ;  decks  &c.  of  ironclads  liable  to  be  set  on 
fire,  74 ;  in  battle,  ships  cannot  always  be  kept  with  bow  to  enemy, 
74. — Galton,  D.,  Flexible  backing  found  to  prevent  penetration,  74  ; 
shot  might  penetrate  further  if  provided  with  a  ductile  ix)iut,  75. — 
Williams,  E.  P.,  Effect  of  wrought-iron  tip  was  against  author's 
suggestion  of  having  wrought-iron  front  plates,  75. — Paget,  A.,  Increased 
depth  of  armour  is  of  gi-eater  importance  than  nature  of  surface,  75 ; 
cheap  ductile  armour  is  what  is  wanted,  7G ;  action  of  wrought-iron 
cap  might  be  due  to  its  acting  aa  a  lubricant,  70. — Adamson,  D., 
Composition  not  given  of  the  material  upon  which  the  shot  operated,  76 ; 
cinder  in  wrought-iron  plate  tends  to  stop  starring,  77 ;  mild  cast  steel 
the  best  material,  77. — Hulse,  W.  W.,  Flat  end  might  facilitate  punching 
power  of  shot,  77. — Browne,  C.  O.,  Effect  of  impact  on  the  wrought  iron 
of  a  capped  shot,  78 ;  advantage  of  sandwich  plates  depends  upon  how 
far  a  ship  could  be  constructed  that  would  bend  without  injury,  78; 
behaviour  of  flat-headed  and  ogival-headed  shot  when  fired  obliquely,  78  ; 
objection  to  steel  armour  is  its  stripping  off,  79 ;  little  chance  of  a 
vessel's  catching  fire  from  being  struck  ou  deck,  80  ;  advantage  of  having 
a  front  plate  of  wrought  iron,  81 ;  remarkable  jumping-up  of  shot  in 
some  cases,  81 ;  wrought-iron  cap  on  shot  might  be  fused,  but  could  not 
cause  lubrication,  82. — Paget,  A.,  Did  not  mean  that  the  wrought-iron 
cap  on  the  shot  was  fused,  82. — Browne,  C.  O.,  Wrought  iron,  whether  on 
the  shot  or  on  the  target,  helps  to  keep  the  chilled  point  together,  82 ; 
description  of  metal  used  in  the  "  Nettle"  experiment,  S3. — Robinson,  J., 
Blr.  Paget's  meaning  as  to  lubrication  referred  to  flow  of  solids,  83. 

Armstrong,  A.,  elected  Member,  1879,  37. 

Armstrong,  G.  F.,  elected  Member,  1882,  254. 

Armstrong,  Joseph,  Sen.,  elected  Member  of  Council,  1874,  2G. — 1876,   26. — 
Decease,  1878,  21. — Memoir,  9. 
Gauge,  Eailway,  1875,  80,  84. 

Armstrong,  Joseph,  Jun.,  elected  Graduate,  1878,  558. 

Armstrong's,  Sir  W.,  Hydraulic  Machinery.    See  Docks,  Cardiff. 

Armstrong,  W.,  Jun.,  elected  Member,  187G,  27. 

Arrol,  T.  a.,  elected  Member,  1879,  397. 

Arteaga,  a.  de,  elected  Graduate,  1879,  156. 

AsHBURY,  T.,  South- Wales  Mineral  Wagons,  1884,  431. 

AsHCROFT  Combined  Steam  and  Hydraulic  Packing  Press  for  cotton,  1877, 372 . 

AsiiwELL,  F.,  elected  Member,  1884,  198. 
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AsKAM  Blast  Furnaces,  1880,  48C. 

AspiNALL,  J.  A.  F.,  elected  Member,  1881,  9. 

Locomotives,  Fuel  Consumption,  1884,  115. 

AsTBrRY,  J.,  elected  Member,  1877,  165. 

Ateliers  de  la  Meuse  Engine  Works,  Belgium,  1883,  513,  534. 

Atkinson,  E.,  elected  Member,  1875,  314. 

Atmospheric  Gas  Engine,  1875,  101.     See  Gas  Engine,  Atmospheric. 

Automatic  Action  in  Brakes,  1880,  100.-1882,  500.     See  Brakes. 

Automatic  Boiler  Feeder,  Fromentin,  1882,  479.     See  Boiler  Feeder. 

AiTOMATic  Expansion,  Variable,  1877,  276.  See  Expansion,  Variable  Automatic- 

Automatic  Expansion  Geak,  1882,  408.     See  Expansion  Gear. 

Automatic  Injector,  1884,  167.     See  Injector. 

Automatic  Screw-Brake,  1882,  500.    See  Brake. 

Autumn  Meeting,  London,  1874,  253. — Manchester,  1875,  313. — 1876,  347.— 
1877,  299.— 1878,  557.— 1879,  583.— 1880,  489.-1881,  623.— 1882,  475.— 
Birmingham,  1883,  593.— Nottingham,  1884,  407. 

AvELiNG.  T.,  decease,  1883,  36. — Memoir,  7. 
Dynamometers,  1876,  235. 
Iron  and  Steel  for  Boilers,  1879,  315. 

Aveling,  T.  L.,  elected  Member,  1882,  254. 

AviERO  Lead-mining  district,  Portugal,  power  transmission  by  ropes,  1874,  65. 

Ayonmouth  Docks,  1877,  297. 

AxLEBOX,  Eadial,  Taper  on  improved  Radial  Axleboxes  and  Guides,  by  H.  W. 
Widmark,  1877,  304. — Advantage  over  previous  radial  axleboxes,  304. — 
Description  of  construction,  304. — Action  of  axlebox,  305. 

Discussion.  —  "SVidmark,  H.  W.,  Arrangement  far  very  narrow-gauge 
engines,  306. — Webb,  F.  W.,  Early  adoption  of  radial  axleboxes  on  London 
and  Xorth  Western  Railway,  306 ;  present  plan  of  long  girder  axlebox, 
307 ;  lateral  oscillation  overcome,  308 ;  weight  of  long  axlebox,  309. — 
Williams,  R.  P.,  Objection  of  lateral  oscillation  on  ttraight  road,  309. — 
Widmark,  H.  W.,  Oscillation  controlled  by  inclined  planes,  309. — 
Robinson,  J.,  Bogies  should  be  got  rid  of,  and  every  effort  made  to 
produce  radiality  in  the  axles,  310  ;  india-rubber  side-springs  for  checking 
lateral  motion  involve  more  weight  than  double  inclined  planes,  311. — 
Cowi^er,  E.  A.,  India-rubber  side-springs  free  from  the  retarding  friction 
of  inclines,  311 ;  unequal  distribution  of  pressure  liable  to  cause  bearings 
to  seize,  312. — Webb,  F.  W.,  Difficulty  in  use  of  bogies  with  double 
incUned  planes,  312. — Widmark,  H.  W.,  Axlebox  so  long  that  wear  of 
brass  will  not  be  affected  by  sliding  of  pressure  towards  end  of  journal, 
313. — Hawksley,  T.,  Condition  of  friction  in  the  case  of  a  tottering  body, 
313. 

Ayton,  F.,  elected  Member,  1874,  101. 
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^ACHE,  A.,  elected  Secretary,  18S4,  78.  • 

Bagot,  a.  C,  elected  Graduate,  1S79,  38. 

Electricity  for  Coal  Mining,  Paper  on  tlie  Application  of  Electricity  to 
the  Working  of  Coal  Mines,  1883,  421.— Remarks,  436. 

Safety  Lamps,  Paper  on  the  Construction  and  Comparative  Merits  of  the 
Safety  Lamps  generally  in  use,  1879,  219. — Eemarks,  232. 
Bagsha"WE,  J.  J.,  decease,  1876,  2. — Memoir,  17. 
Bagsha'^-e,  W.,  elected  Associate,  1880, 10. 
Baillie,  R,  elected  Member,  1880,  185. 
Baix,  W.  N.,  elected  Member,  1880,  185. 
Baixbeidge,  E.,  Compressed-Air  Machinery,  1874,  227. 

Petroleum  Fuel  in  Locomotives,  1884,  310. 
Baker,  S.,  decease,  1882,  17. — Memoir,  1. 
Bakery,  Steam,  at  Cardift",  1884,  367. 
Bakewell,  H.  J.,  elected  Member,  1875,  314. 

Boiler  Corrosion,  Marine,  1884,  351. 
Balance  Tips  for  discharging  Coal  Wagons,  1874,  125,  129.     See  Docks,  Cardiff. 
Baldwin,  T.,  elected  ]\Iember,  1879,  37. 
Bale,  M.  P.,  elected  Member,  1877,  77. 

Expansion  Gear,  Automatic,  1882,  434. 

Harvesting  Machinery,  1881,  54. 

Stone-Dressing  Machinery,  1881,  142. 
Ball,  C,  Dredger,  Bazin,  1882,  109,  113,  114. 
Ball  Dredger,  1882,  109.    See  Dredger. 
Ballast  Discbaege  from  ships,  1874,  137,  143. 
Balmokand,  Lala,  elected  Member,  1 884,  408. 

Bamlett,  a.  C,  Hammers,  Power  Hammers  with  Movable  Fulcrum,  1882,  210. 
Baxderali,  D.,  elected  Member,  1879,  155. 

Brakes,  Automatic  Action,  1880,  134. 

Brakes,  Effect  of,  upon  railway  trains,  1879,  198,  199. 

Locomotives,  Fuel  Consumption,  1884,  116. 
Bakderali,  Lartigue,  and  Delebecque's  railway  brake  apparatus,  1878,  554. 
Barber,  J.,  elected  Member,  1882,  15. 

Barclay,  A.,  Brakes,  Continuous,  for  railway  trains,  1878,  85. 
Barcroft,  H.,  elected- Associate,  1881,  10. 
Barker's  permanent  way  for  Tramways,  1880,  197,  203, 209,  216.   See  Tramways, 

Permanent  Way. 
Bablow,  E.,  elected  Member,  1884,  79. 
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:Bablow,  H.  B.,  elected  Member,  1882,  254. 

Bablow,  W.  H.,  elected  Member,  1875,  189. 

Baenett,  J.  D.,  elected  Member,  1881,  9. 

Babb,  a.,  elected  Member,  1884,  408. 

Barb,  J.,  elected  Member,  1878,  107. 

Barras,  H.  H.,  elected  Member,  1883,  309. 

Barratt,  S.,  elected  Member,  1879,  37. 

Barrett,  J.  J.,  elected  Member,  1882,  254. 

Barrow,  J.,  Wood-Working  Machinery,  1875,  2G1. 

Barrow-ix-Furxess,  rise  and  progress,  1880,  324,  377. 

Barrow  Docks  and  Railway  Approaches,  1880, 324. — Visited  at  Banow  meeting, 
1880,  478.     See  Docks,  Barrow-in-Furness. 

Babrow  Meetixg,  Invitation,  1880,  36. — Meeting,  309. — Reception,  309. — Votes 
of  thanks,  476. — Works  visited  and  Excursions,  478. — Dinner,  483. 

Barrow  Shipbuilding  Works,  visited  at  Barrow  Meeting,  1880,  478-480. 

Barry,  J.  W.,  Gauge,  Railway,  1875,  84. 

Barstow,  T.  H.,  elected  Graduate,  1882,  16. 

Bartlett,  J.  H.,  elected  Member,  1883,  179. 

Bartox  axd  West's  Pistox  Water  Meter,  1879,  444.    See  Water  Meter. 

Bartox  and  West's  Water  Pressure  Reducer,  1879,  434.     See  Water  Pressure. 

Barton,  C.  C,  Water  Meter,  Barton,  1879,  454. 
Water  Pressure  Regulators,  1879,  443. 

Basooup  Colliery,  1883,  518,  579.     See  Mariemout  and  Ba.scoup  Collieries. 

Bastix,  E.  p.,  elected  Member,  1883,  309. 

Bateman,  J.  F.,  Injector  Hydrants,  1879,  379,  384. 

Bath,  Floating  Swimjiixg,  Paper  on  the  Floating  Swimming  Bath  at  Charing 
Cross,  witli  the  means  adopted  for  the  filtration  of  the  water,  by  E. 
Perrett,  1875,  134. — Experiments  on  filtration,  134. — Means  of  cleansing 
bag  filters,  136. — Site  of  floating  swimming  batb,  137. — Construction, 
138. — Mooring,  140. — Supply  of  water,  141. — Pumping  machinery,  143. — 
Apparatus  for  warming  the  water,  143. — Superstructure,  144. — Filtration 
and  filter-cleansing  apparatus,  145. 

Discussion. — Perrett,  E.,  Rate  of  filtration  with  blow-through  bag-filter, 
148. — Cowper,  E.  A.,  Warming  water  with  exhaust  steam,  148 ;  filtering 
through  bags  satisfactory  for  bathing  purposes,  149  ;  ballast,  149  ;  floating 
bath  much  lower  rent  than  a  building  ou  land,  loO.  —  Woods,  H., 
Description  of  sponge  filter,  150. — Homersham,  S.  C,  Sponge  filters 
answer  well  for  rough  process  of  filtering,  151. — Woods,  H.,  Sponge  filters 
as  used  at  Burton,  152. — Thornycroft,  J.  I.,  Partial  purification  of  water 
by  settlement,  152. — Ea«iton,  E.,  Bag  filters  successful  for  separating  finely 
divided  particles  in  water,  153.— Hawksley,  C,  Bag  filters  applicable  for 
filtration  of  sewage  sludge,  154.— Hawksley,  T.,  Real  action  of  filtration 
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Bath,  Floating  Swimming  (continued). ' 

by  attraction  of  particles,  154. — Perrett,  E.,  Eate  of  rene-wing  the  water , 
155;  ballast  not  required,  15G ;  purification  by  settlement  impracticable 
in  this  case,  157;  cleansing  of  filters,  157;  trials  of  bag  filters  and 
centrifugal  filters  for  sugar  manufacture,  158. — Bramwell,  F.  J.,  Floating 
bath  more  economical  tlian  one  on  land,  160  ;  bag  filters  in  small  space  not 
80  good  as  if  freely  extended,  IGO ;  disc  cloth  filters  for  sugar  making 
161. 

Bauerman,  H.,  Coke  IManufacture,  1883,  294. 

Bawden,  "VV.,  elected  Jlember,  1881,  624. 

Bazin  Dredger,  1882,  100.     See  Dredger. 

Beale,  W.  r.,  elected  Member,  1877,  290. 

Beams,  Experiments  to  ascertain  the  Strength  of  Cast-Iron  Beams  for  Beam- 
engines,  by  Messrs.  Easton  and  Anderson,  1882,  531. — Particulars  of 
specimens  tested,  531. — Results  of  testing,  532. — Tabulated  statement  of 
results,  533. — Remarks  by  B.  B.  Stoney,  533. 

Beattie,  a.  L.,  elected  Member,  1881,  163. 

Beattie,  F.,  elected  Member,  1882,  15. 

Beacmont,  Major,  Rock-Drill,  Taper  on  Rock  Boring  by  the  Diamond  Drill,  1875, 
92.— Remarks,  108,  113,  114. 

Beaumont,  W.  W.,  elected  Member,  1880,  489. 
Riveted  Joints,  1881,  278. 
Steel,  ChemoflTs  papers,  1880,  238. 

Thrashing  Machines,  Paper  on  Thrashing  Machines,  1881,  369. — Remarks, 
396,  403,  405. 

Beckwith,  J.  H.,  elected  Member,  1875,  65. 

Bedson,  J.  P.,  elected  Member,  1882,  15. 

Petroleum  Fuel  in  Locomotives,  1884,  314. 

Beeley,  T.,  elected  Member,  1875,  314. 
Pvope  Gearing,  1876,  394. 

Beesley,  D.  S.,  elected  Graduate,  1881,  164. 

Beetlestone,  G.  J.,  elected  Member,  1884,  198. 

Beet-Root  Sugar  Manufacture  in  Belgium,  1883,  368.    See  Sugar. 

Belgian  Meeting,  1883,  307. — Reception  at  Liege,  307. — Business,  309. — 
Nomination  of  L.  Trasenstcr  as  Honorary  Life  Member,  310. — Invitation  of 
H.M.  the  King  of  the  Belgians  to  the  President,  311. — Votes  of  thanks, 
313. — Reception  at  Antwerp,  313. — Excursions  &c.,  511. 

Belgian  Railways,  Notes  on,  by  P.  Trascnster,  1883,  586. 

Belgian  Rolling  Mill  for  Plates,  1880,  84.    See  Plate  Rolling  Machinery. 

Belgium,  Works  visited  at  Summer  meeting,  1883,  511-585. 

Bell,  I.  L.,  elected  Vice-President,  1874,  26.— 1875,  34.— 1876,  26.— 1877,  25.-^ 
1878,  29.-1879,  36.— 1882,  32.— President,  1884,  21. 
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Bell,  I.  L.  (continued). 

Address,  Presidential,  18S4,  202. 

Blast-Furnaee  Capacity,  1S75,  358. 

Blast-Furnace  Working,  1882,  300,  304,  313.— 1883,  lil,  151. 

Brakes,  Continuous,  for  railway  trains,  1878,  86. 

Cardiff  meeting,  Eeply  to  Mayor's  welcome,  1884,  197. — Address,  202  ; 
See  Addresses  of  Presidents. — Eeply  to  vote  of  thanks  for  Address, 
226. 

Council,  Annual  Report,  1884,  21. 

Docks,  Cardiff,  1884,  242. 

Flow  of  Solids,  1S78,  330,  337. 

Injector,  Automatic,  1SS4,  187. 

Iron,  Homogeneous,  1S77,  80,  81. 

Locomotive  Euuning  Shed,  1884,  254. 

Locomotives,  Fuel  Consumption,  1884,  118. 

Petroleum  Fuel  in  Locomotives,  1884,  317. 

President,  on  taking  office  as,  1SS4,  23. 

Eules,  1878,  38. 

Secretary,  appointment,  1884,  77,  78. 

Silver  Ore  Amalgamation,  1884,  268. 

Steel  Plant,  Bessemer,  1881,  642,  648. 

Tramways,  Mechanical  Traction,  1878,  427. 

Tync,  Paper  on  the  Tyne  as  connected  with  the  History  of  Engineering, 
ISSl,  425. 
Bell,  E.  A.,  elected  Graduate,  1884,  80. 
Bell,  W.  H.,  elected  Member,  1880,  310. 
Bellamy,  C.  J.,  elected  Member,  1879,  155. 
BELLHorsE,  E.  T.,  decease,  1882,  17. — Memoir,  1. 

Presses,  Hydraulic  Packing,  1877,  369. 
Belsham,  M.,  elected  3Iember,  1878,  293. 

Belts  for  transmitting  power,  1881,  57.     See  Power  Transmissiun. 
BE>"r)S  IN'  Eivers,  Flow  round,  1879,  456.     See  Flow. 
Benham,  p.,  elected  Graduate,  1880,  10. 
Benxett,  p.  D.,  Council,  Annual  Eeport,  1884,  21. 

Injector,  Automatic,  1881,  179. 

Eules,  1874,  31.— 1876,  31.— 1877,  30.-1884,  27. 

Steel  Plant,  Bessemer,  1881,  644. 
Benxett,  T.  0.,  elected  Member,  1877,  77. 
Bebgerox,  C,  elected  Member,  1879,  37. — Decease,  1884,  3. — Memoir,  CI. 

Compressed-Air  Engines  for  Tramways,  1881,  674. 

Locomotives,  Francq's  Fireless,  for  Tramways,  1879,  026,  638. 

Eailway  Working,  Economy,  1879,  146,  147,  150. 
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Bergh,  W.,  Centrifugal  Separator,  Paper  on  a  Centrifugal  Separator  for  Liquids 
of  different  specific  gravities,  1882,  519. — Kemarks,  523,  526. 

Bermuda  Floating  Dock,  1878,  180. 

Berry,  F.,  elected  Member,  1875,  189. 

Bessemer,  H.,  elected  Member  of  Council,  1874,  2G.— 187G,  26. 

Bessemer  Steel  Plant,  1881,  627.    See  Steel  Plant. 

Bewick,  T.  J.,  elected  Member,  1874,  256. 

Langley  Barony  Lead  Mines,  1881,  618. 

Betvlet,  T.  a.,  elected  Member,  1882,  145. 

Beyer,  C.  F.,  decease,  1877,  2. — Memoir,  16. 

BicHERoux  Puddling  Furnace,  1883,  541. 

Bicknell,  E.,  elected  Member,  1883,  593. 

BiKA,  L.  J.,  elected  Member,  1884,  1. 

BiECH,  R.  W.  P.,  elected  Member,  1877,  77. 

Bird,  E.,  Mayor  of  Cardiff,  Welcome  to  Jlembers  at  Cardiff  meeting,  1884,  197. 
— Vote  of  thanks  to  President  for  Address,  223. 

Birkett,  H.,  elected  Graduate,  1880,  310. 

Birmingham  Sewage  "Works,  1876,  343. 

BissET,  W.  H.,  elected  Member,  1875,  314. 

Black,  W.,  elected  Member,  1879,  583. 

Blake,  W.  P.,  Flow  of  Solids,  1878,  328. 

Blast-Furnace  Capacity,  Paper  on  the  Ultimate  Capacity  of  Blast-Fumaces, 
by  C.  Cochrane,  1875,  334. — Definite  curves  showing  the  economy  due  to 
heat  of  blast  and  increased  capacity,  334. — Insuflficient  blast  pressure 
promotes  scaffolding  in  furnaces,  335. — Eesults  of  working  of  large 
furnaces,  335. — Average  working  of  Ormesby  fm-naces  during  five  years, 
339. — Excessive  consumption  corresponds  to  reduction  in  effective  capacity, 
340. — Calculation  of  weight  of  escaping  gases,  341. — Increased  temperature 
of  escaping  gases  corresponds  to  reduction  in  effective  capacity  of  furnace, 
342. — Successful  trial  of  large  40,000  cub.  ft.  furnace  rendered  impossible 
by  excessive  scaffoldings,  343. — Investigation  of  effective  working  capacity 
of  furnaces  during  five  years,  343. — Economy  by  capacity  and  by  extra 
temperature  an  established  fact,  and  not  replaceable  items  up  to  20,000 
cub.  ft.  capacity,  349. — Furnace  of  33,000  cub.  ft.  capacity  worked  within 
0-44  cwt.  of  calculated  duty,  353. — Wrought-iron  casings  for  blast  fumaoee 
requisite  for  preventing  continued  insensible  leakage  of  gas,  354. — Large 
furnaces  require  increased  pressure  of  blast,  354. — Appendix  showing  mode 
of  calculating  weight  of  escaping  gases,  355. 

Discussion. — Cochrane,  C,  Importance  of  reduction  iu  temperature  of 
escaping  gases,  357  ;  capacity  and  temperature  not  replaceable,  357 ;  hot- 
blast  stoves,  temperature  obtained,  358. — Bell,  I.  L.,  Three  sources  of  heat 
in  blast  furnaces,  359 ;  no  practical  diflercncc  in  temperature  of  escaping 
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BLAST-FrBNACE  CAPACITY  (continued). 

gasefi  from  furnaces  of  different  capacity,  361 ;  corrected  calculation  of 
heat  passing  off  with  escaping  gases,  362;  variation  in  heat  evolved 
by  combustion  of  coke,  363 ;  limit  to  benefit  gained  by  retaining  heat  of 
escaping  gases,  363  ;  result  of  working  of  large  furnace  not  correct,  364  ; 
deposition  of  carbon  in  working  with  light  burden  requires  a  week  to  work 
off  on  changing  to  heavy  burden,  367 ;  increased  temperature  of  blast  of 
no  advantage  above  a  certain  point,  368  ;  estimate  of  theoretical  minimum 
consumption  of  coke  per  ton  of  pig,  369 ;  kind  of  coke  used  affects  rate  of 
consumption,  370  ;  iron  casings  for  furnaces  objectionable,  371 ;  examination 
of  contents  of  furnace  by  series  of  apertures  in  the  side,  371 ;  capacity  of 
fomaoe  and  temperature  of  blast  are  mutually  replaceable,  372. — Cowper, 
K  A.,  Curves  given  of  temperature  and  capacity  substantially  correct, 
373;  reduction  in  consumption  of  ooke  with  increased  temperature  of 
blast,  373. 

Adjourned  Discussion. — Siemens,  C.  VT.,  Ultimate  capacity  not  to  be 
considered  as  an  abstract  principle,  1876,  33 ;  chemical  action  not  affected 
by  difference  of  capacity,  33  ;  chemical  conditions  mainly  to  be  considered, 
34. — Cowper,  E.  A.,  Advantage  of  increased  capacity  in  gaining  a  heating 
zone,  35. — Cochrane,  C,  Possible  reduction  of  temperature  in  escaping 
gases,  35  ;  result  of  scaffolding  in  reducing  effective  working  capacity  of 
furnace,  37 ;  proportion  of  carbonic  acid  and  carbonic  oxide  in  escaping 
gases,  38 ;  loss  by  escape  of  gas  from  sides  of  furnace,  40 ;  increased 
capacity  of  furnace  to  absorb  sensible  heat  beyond  region  of  chemical 
action,  42. — Hawksley,  T.,  Mechanical  crushing  of  materials  by  absolute 
weight  in  furnace,  44. 

Blast-Fuexace  Tuyeres.    See  Tuyere,  Open  Spray,  1876,  350. 

Blast-Furxace  "Workixg,  Paper  on  the  Working  of  Blast-Fumaces  of  large 
size,  at  high  temperatures  of  blast,  with  special  reference  to  the  Position 
of  the  Tuyeres,  by  C.  Cochrane,  1882,  279. — Size  of  hearth,  and  overhang  of 
tuyeres,  280. — Diminution  in  effective  capacity  of  furnace  with  tuyeres  too 
close,  281.  —  Particulars  of  four  furnaces  under  observation,  281. — 
Distribution  of  ascending  currents  of  gas,  282. — Improved  working  of 
No.  4  furnace  after  withdrawal  of  tuyeres,  283. — Reduction  of  pressure  in 
hearth  from  circumference  to  centre,  284. — Concentration  of  ascendino' 
gases  towards  centre  of  furnace,  285. — InsufiBcient  access  of  reducing  gas 
to  circumference  of  furnace,  286. — Beneficial  results  from  drawing  back 
the  tuyeres,  286. — Similar  results  at  No.  2  furnace,  287. — Eing-scaffold  at 
top  of  bosh,  288. — Curve  of  furnace  capacity  and  coke  consumption,  290. — 
Distribution  of  pressure  in  hearth  of  No.  1  furnace,  291. — Gauge  tube  for 
ascertaining  pressures,  292. — Limit  to  distance  of  tuyeres,  293. — Limit  to 
tuyere  area,  294. — Pielation  between  tuyere  area  and  blast  temperature, 
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B last-Furnace  Working  (continued). 

295. — Distribution  of  temperature  in  hearth,  295. — IK'ature  of  materials 
operated  upon,  297. — Escaping  gases  arc  not  absolute  guide  to  working 
of  furnace,  297. 

Discussion. — Cochrane,  C,  Arrangement  of  materials  in  furnace  top 
under  charging  bell,  298  ;  calculation  of  furnace  capacities,  299 ;  financial 
economy  from  drawing  back  the  tuyeres,  299  ;  results  of  enlarging  tuyere 
area,  299 ;  results  in  paper  confirmed  by  subsequent  •working,  299. — 
Bell,  I.  L.,  Temperature  in  author's  furnaces  not  very  high,  300 ;  effect 
due  to  overhang  of  tuyeres,  300 ;  blast  pressure  in  hearth,  301 ;  curve 
of  furnace  capacity  and  coke  consumption,  302  ;  escaping  gases  are 
infallible  guide  to  working  of  furnace,  303 ;  analysis  of  gases  from 
Ormeaby  furnaces,  304. — Cochrane,  C,  Gases  analysed  were  taken  off 
before  withdrawal  of  tuyeres,  304. — Eichards,  E.  W.,  Analysis  should  be 
given  notwithstanding,  301. — Bell,  I.  L.,  Heat  absorbed  in  production  of 
Cleveland  pig  iron,  304 ;  heat  generated  and  utilised  in  low  and  in  high 
furnace,  305 ;  comparative  performance  of  Ormesby  and  Clarence  furnacea, 
306  ;  composition  of  escaping  gases  at  Ormesby  furnaces,  307  ;  estimate  of 
blast  and  coke  consumption  with  improved  working,  308  ;  value  of  hotter 
blast  real,  but  overrated,  309.  —  Cowper,  E.  A.,  Keduction  in  coke 
consumption  by  hotter  blast,  310  ;  higher  pressure  of  blast  for  larger 
hearth,  310. — Eichards,  E.  W.,  Height  of  furnace  should  be  considered, 
besides  capacity,  310 ;  reduction  in  coke  consumption  could  not  be  due  to 
withdrawal  of  tuyeres,  311 ;  saving  effected  by  increased  height,  311 ; 
good  eflfect  of  hotter  blast  in  high  furnaces,  311  ;  position  of  tuyeres  in 
Cleveland,  312;  large  make  in  American  furnace,  312. — Williams,  E.,  Is 
furnace  still  in  existence,  312. — Eichards,  E.  W.,  Make  due  to  large  blast, 
312  ;  furnace  expected  to  last  two  years,  313. — Bell,  I.  L.,  Greater  value 
of  hotter  blast  in  lower  furnaces,  313 ;  proper  make  for  Cleveland 
fumac«s,  314 ;  disadvantage  of  enormous  make  in  American  furnaces, 
314. — Cochrane,  C,  Mechanical  character  of  paper,  314 ;  correctness  of 
statement  of  coke  consumption  prior  to  withdrawal  of  tuyeres,  315 ; 
distribution  of  blast  pressure  in  closed  or  in  open  hearth,  315  ;  lower 
proportion  of  make  to  capacity  in  Ormesby  furnaces,  31G ;  results  at 
No.  3  furnace,  317;  better  duty  both  from  increased  capacity  and 
from  hotter  blast,  317. — Westmacott,  P.  G.  B.,  Interest  of  subject  to 
mechanical  engineers,  317. 
Blast-Fcenace  Working,  Paper  on  the  Working  of  Blast-Furnaces,  with  special 
reference  to  the  Analysis  of  the  Escaping  Gases,  by  C.  Cochrane,  1883, 93. 
— Conditions  governing  economy  of  fuel  in  blast  furnaces,  93. — Temperature 
of  blast,  95. — Temperature  of  escaping  gases,  97. — Maintenance  of  carbon 
in  form  of  carbonic  acid,  100. — Impossibility  of  ascertaining  real  working 
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of  furnace  from  mere  analysis  of  escaping  gases,  106.— Ideal  work  of 
perfect  furnace,  IOC— Effect  of  transfer  of  carbon  from  carbonic  acid  to 
carbonic  oxide,   107.— Calcining  of   limestone    before  charging,   112.— 
Breaking  down  lumps  of  ironstone  before  charging,  112.— Ratio  of  carbonic 
acid  to  carbonic  oxide  as  affected  by  carbonate  of  limo,  114.— Influence 
on  consumption  of  carbon  of  perfectly  calcined  ironstone  descending  into 
red-hot  coke  region,  115.— Influence  of  imperfectly  calcined  ironstone  on 
consumption  of  carbon,  116.— Disposal  of  heat  in  furnace,  117.— Limit  of 
coke  consumption  in  Cleveland  blast  furnaces,  123.— Tables  A-K,  121-134. 
Discussion.— Rennie,  G.  B.,  Great  amount  of  information  given,  135.— 
Cochrane,  C,  Impossible  for  carbonic  acid  to  exist  in  hearth  of  blast 
furnace,  135 ;   small  consumption  of  fuel  in  Austrian  charcoal  furnaces, 
136;  breaking  up  of  ironstone   for  large  furnaces,  136;    calculation  of 
consumption  of  coke  in  blast  furnace,  137.— Stead,  J.  E.,  Mode  of  calculating 
constunption  of  carbon,  138  ;  value  of  gas  analysis,  140.— Cochrane,  C, 
Value  only  in  conjunction  -with  coke  consumption,  141. — Bell,  I.  L.,  Data 
supplied  for  Griiner's  -work  on  blast  furnaces,  141  ;  influence  of  furnace 
capacity  upon  temperature  of  escaping  gases,  142;   two  foci  of  heat 
generation  in  blast  furnace,  142 :  absorption  and  evolution  of  heat  near 
top  of  furnace,  142  ;  loss  of  heat  in  escaping  gases  nearly  constant  in 
larger  furnaces,  143  ;  value  of  chemical  analysis,  144  ;  corrections  required 
in  tables  owing  to  variations  in  quantity  of  blast,  145  ;  both  temperature 
of  blast  and  state  of  oxidation  of  carbon  must  be  taken  into  account,  146  ; 
loss  by  interruption  in  charging  of  furnace,  146  ;  maintenance  of  carbon  in 
form  of  carbonic  acid,  146 ;  coke  consumption  can  be  ascertained  from  gas 
analysis,  148  ;  economy  of  fuel  to  be  expected  in  blast  furnaces,  149 ;  use 
of  calcined  limestone,  149 ;   lumps  of  ironstone  split  up  in  descending 
through  furnace,  150.— Cowper,  E.  A.,  Instances  of  ironstone  passing 
through  furnace  unreduced,  151 ;  economy  in  coke  consumption  by  very 
hot  blast,  151.- Bell,  I.  L.,  Ironstone  ordinarily  becomes  split  up  in 
passing  through  furnace,  151.— Stead,  J.  E.,  Confirmation  of  splitting  up 
of  ore,  151.— Paget,   A.,  Question  of  actual   coke   consumption,  152.— 
Cochrane,  C,  Influence  of  furnace  capacity  on  temperature  of  gases,  152 ; 
gas  analysis  alone  insuflBcient   to  indicate   consumption,  153;    general 
correctness  of  tables,  153;    limit  of  ratio  of  carbonic   acid  to  carbonic 
oxide  for  reduction  of  ore,  154 ;   lumps  of  ironstone  can  be  deoxidised 
without  becoming  split  up,  154.— Rennie,  G.  B.,  Thanks  to  Mr.  Cochrane 
and  to  Mr.  Bell,  154. 
Blasting  Operations,  at  granite  quarries.  Loch  Fyne,  1879,  580. 
Blast-Fcbnaces,  visited  at  Barrow  meeting,  1880,  481,  484,  486. 
Blechtnden,  A.,  elected  Member,  1881,  163. 
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Blo'wer,  Applications  of  Koots'  Blower,  1877,  92. 

Blue  Jacket,  Steamer,  1884,  347,  348 ;  visited  at  Cardiff  meeting,  356. 

Blundstone,  S.  E.,  elected  Graduate,  1882,  255. 

Board  op  Trade  Regulations,  resolution  respecting,  1878,  563. 

BooQUET,  H.,  elected  Graduate,  1884,  80. 

BocQUET,  W.,  elected  Member,  1881,  624. 

BocHDM  Works,  castings  in  hard  steel,  1880,  172, 

BoDDEN,  G.,  elected  Member,  1883,  309. 

Boiler  and  Engine,  High-Pressure,  Faper  on  Steam  Boilers  and  Engines  for 
High  Pressures,  by  L.  Perkins,  1877,  117. — Means  of  combining  great 
strength  and  safety  with  durability  in  boiler  for  very  high  pressures,  117. 
— Securing  soundness  of  joints,  118.  —  Construction  of  boiler,  119. — 
Arrangement  for  using  the  high-pressure  steam  in  the  engine,  120. — 
Ordinary  mode  of  jxicking  for  piston  not  suitable,  121. — Compound  metal 
for  packing  rings  without  lubrication  found  very  successful,  121. — Eesult 
of  working,  121. — Construction  of  surface  condenser,  122. — Still  for 
replacing  waste  of  fresh  water,  122. — Special  points  to  be  noticed,  123. 

Discussion. — Perkins,  L.,  Connections  of  boiler  tubes,  124. — Olrick,  L., 
Proper  circulation  in  boilers  is  a  very  material  point,  126 ;  great  advantage 
in  absence  of  lubrication,  from  special  metal  employed  for  packings,  127. 
— Eavenhill,  J.  E.,  Action  of  diotilled  water  on  wrought -iron  plates 
found  to  be  extremely  rapid,  128  ;  objection  to  small  vertical  connecting- 
tubes  in  boiler,  128  ;  difHculty  in  taking  out  pordon  of  boiler  for  repairs, 
128. — Paget,  A.,  Boiler  worked  for  long  time  with  rain  water  without 
injury,  129. — Eavenhill,  J.  E.,  Proof  of  injurious  action  of  distilled  water 
in  boiler,  129. — Young,  C.  F.  T.,  Action  of  pure  water  on  wrought-Lron 
plates  depends  much  on  pressure  and  temperature  in  boiler,  130. — Head,  J., 
Eain  water  contains  sufficient  carbonic  acid  to  dissolve  carbonate  of  lime, 
which  is  not  soluble  in  pure  water,  130. — Marten,  E.  B.,  Mr.  Perkins' 
boiler  the  best  type  of  the  small  boiler  principle,  130 ;  freedom  from 
priming,  131 ;  Lancashire  boiler  will  no  doubt  continue  to  do  bulk  of 
steam-producing  work,  131 ;  very  high  pressure  required  however  in  many 
cases,  131 ;  circulation  not  wanted  in  boiler  described,  132 ;  great  corrosion 
caused  outside  boilers  by  diotilled  water  from  leaky  fittings,  132. — 
Chapman,  H.,  Possible  prevention  of  boiler  corrosion  by  deposition  of 
magnetic  oxide,  132. — Adamson,  D.,  Limit  to  reduction  in  water  contents 
of  boiler  advisable,  133 ;  rapid  ebullition  caused  by  sudden  drop  in 
pressure,  134  ;  high  temperature  a  source  of  danger  from  reducing  strength 
of  plates,  134  ;  compound  cylinders  more  economical  than  single  cylinders, 
135;  advantage  in  quadruple  action,  137;  water  should  be  pure  before 
being  distilled  for  working  high-pressure,  137. — Cramjiton,  T.  E.,  Important 
to    consider  proportion  of   heating  surface  to  water  evaporated,   137; 
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desirable  to  limit  steam-pressure  and  degree  of  expansion,  138  ;  great  wear 
and  tear  of  engines  and  boilers  with  very  high  pressures,  and  only  small 
gain  of  fuel,  139. — Cochrane,  C,  Eoots'  boiler  foimd  by  experience  to  be 
safe  and  sure,  140  ;  corrosion  of  boiler  not  caused  by  pure  water,  but  by 
acids  from  oils  of  engine,  140 ;  boiler  with  small  water  spaces  must  be 
limited  to  high  jn-essures,  otherwise  could  not  get  rid  of  steam  generated, 
140. — Flannery,  J.  F.,  Metal  employed  for  packing  has  successfully 
overcome  diflSculty  in  using  very  high-pressure  steam,  141 ;  difficulty  in 
boiler  working  well  without  special  care,  141. — Hawksley,  T.,  Metal 
employed  for  piston  packing-rings  working  without  lubrication  would 
answer  well  for  the  aii-  engine,  142. — Welch,  E.  J.  C,  Number  of  cylinders 
must  depend  on  ultimate  range  of  temperatures  between  boiler  and 
condenser,  143 ;  jacketed  engine  yields  much  better  results  than  unjacketed, 
though  exact  saving  not  easy  to  calculate,  144  ;  no  relation  between  horse 
ix)wer  of  engine  and  that  of  boiler,  144  ;  formula  for  areas  of  cylinders  to 
give  out  equal  power  to  crank  shaft,  145 ;  balancing  very  important  for 
all  engines,  146. — ^Ellington,  E.  B.,  Steam-jacketing  of  low-pressure 
cylinder  not  any  advantage,  but  rather  the  opposite,  146. — Cowper,  E.  A., 
True  expansion  curve  for  steam,  147 ;  advantage  of  good  vacuum,  147 ; 
small  advantage  from  increase  of  pressure  beyond  moderate  limit,  148 ; 
instance  of  very  low  consumption  in  engine  with  moderate  pressure,  148. — 
Hildobrandt,  J.  A.  E.,  Low-pressure  steam  preferable  to  high-pressure 
under  certain  circimistances,  149 ;  really  pure  water  without  any  oxygen 
has  no  effect  upon  iron,  149 ;  rain  water  contains  both  carbonic  acid  and 
ammonia,  149. — Crompton,  K.  E.  B.,  Fittings  of  boiler  and  pump  valves 
at  a  high  pressure  liable  to  give  trouble,  149. — Perkins,  L.,  Pure  water  in 
a  hot  boiler  has  no  effect  upon  iron,  150 ;  proof  of  strength  of  joints  in  boiler, 
151 ;  no  trouble  from  heating  of  tubes,  152  ;  temperature  not  sufficient  to 
injure  the  iron,  153 ;  no  difficulty  caused  by  brittleneas  of  special  metal 
for  piston  packing-rings,  153 ;  necessary  to  prevent  any  grease  being  put 
into  engine,  154  ;  high-pressure  heating  apparatus,  155. — Bramwell,  F.  J., 
Successful  action  of  heating  apparatus,  155. — Hawksley,  T.,  Pure  water, 
so  long  as  it  remains  pure  and  free  from  oxygen,  is  not  the  cause  of 
corrosion,  155  ;  fatty  acids  from  grease  must  be  excluded  from  boiler,  155 ; 
piston  bearing-surface  should  be  made  deep,  156 ;  importance  of  low- 
pressure  cylinder  being  jacketed,  as  well  as  high-pressirre,  157. 

Boilers,  Comparative  Efficiency,  1884,  108.     See  Locomotives,  Fuel  Consump- 
tion. 

Boilers,  Non-conducting  Covering,  1874,  277. 

Boiler  Corrosion,  Paper  on  the  Causes  and  Remedies  of  Corrosion  in  Marine 
Boilers,  by  J.  H.  Hallett,  1884,  331.— Corrosion  chiefly  due  to  defective 
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design  or  management,  331. — Faults  of  design,  331. — "Want  of  space  for 
examination,  331. — Position  of  manholes,  332. — Pitching  of  steam-space 
stays,  332. — Management,  332. — Circulation,  332. — Backing  strains  in 
double-ended  boilers,  333. — Scum-pipe  and  blow-off  cock,  333. — Renewal 
of  water,  333. — Treatment  of  new  boilers,  334. — Piesults  of  want  of  proper 
care,  334. — Corrosion  from  use  of  lubricants  in  engines,  335. — Remedies 
for  preventing  corrosion,  335.  —  Hannay's  electrogen,  335.  —  External 
corrosion,  336. — ^Position  of  fire-bridges,  336. — Treatment  of  boilers  in 
vessels  when  laid  up,  336. 

Discussion. — Fotbergill,  J.  E.,  Defects  in  design,  337  ;  bad  management, 
337;  corrosion  from  air  in  feed-water,  337;  oily  matter  in  boiler-scum  and 
mud,  338;  pitting  by  oil  and  grease,  338;  impregnation  of  water  in 
boiler  bottoms,  338 ;  position  of  feed-pipe,  339 ;  remedy  for  pitting,  339  ; 
lubrication  of  piston-rods,  339 ;  objection  to  blowing  out  hot  boilers,  339 ; 
mineral  oils  for  internal  lubrication,  340. — Walker,  S.  F.,  Pitting  from 
galvanic  action,  340 ;  corrosion  by  gases  from  decomposed  salts,  341 ; 
prevention  by  slabs  of  zinc,  341 ;  zinc  must  be  pure,  341 ;  amalgamated 
zinc,  341 ;  zinc-copper  couple  is  more  powerful  than  zinc-iron  couple,  342 ; 
suspended  plate  of  iron  fed  by  external  electric  current,  343.  — 
Jacobs,  C.  M.,  Corrosion  dates  from  introduction  of  high  pressures  and 
surface  condensers,  343 ;  use  of  petroleum  and  cement  in  badly  pitted 
boiler,  343. — Marshall,  F.  C,  Pitting  in  empty  boilers  not  left  dry,  344 ; 
corrosion  in  line  of  fire-bars,  346 ;  exclusion  of  air  from  boilers,  346 ; 
petroleum  as  a  preventive  of  corrosion  and  of  priming,  346 ;  corrosion  in 
steel  boilers,  346. — Hallett,  J.  H.,  Non-lubrication  of  cylinders,  347; 
treatment  of  pitted  plates,  348 ;  efficiency  of  electrogen,  348 ;  local 
currents  from  variations  in  quality  of  plates,  348 ;  corrosion  due  to  free 
gases  in  water  in  presence  of  salt,  .348  ;  waste  of  cast  zinc,  349  ;  failure  of 
amalgamated  zinc,  349 ;  good  results  from  careful  management,  349  ; 
corrosion  from  solid  matter  in  boiler  bottoms,  350 ;  priming  from  delivery 
of  feed-water  into  steam-space,  350 ;  blowing-down  boilers,  350. — 
Bakewell,  H.  J.,  Admiralty  practice  in  treatment  of  marine  boilers,  351 ; 
access  for  examination,  351 ;  good  material,  351 ;  causes  of  internal 
corrosion,  351 ;  methods  of  protection,  351 ;  treatment  of  boilers  when  not 
in  use,  352 ;  working  density  and  condition  of  water  in  boilers,  352 ; 
sudden  changes  of  temperature,  353 ;  use  of  mineral  oil,  353 ;  slabs  of 
rolled  zinc  for  preventing  corrosion,  353 ;  periodical  examination  and 
tests,  354 ;  examples  of  boilers  under  Admiralty  treatment,  354  ;  table  of 
results,  355. 

Boiler  Feedeb,  Paper  on  the  Fromentin  Automatic  Boiler  Feeder,  by  J.  Hayee, 
1882,  479. — Disadvantages  of  feed-pumps  and  injectors,  479. — Description 
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and  action  of  Fromentin  feeder,  480. — Construction  of  disc-castings  and 
arrangement  of  ports,  482. — Application  to  difterent  kinds  of  boilers, 
483. — Experience  of  -working,  484. — Advantages,  484. 

Discussion. — Hayes,  J.,  Arrangements  of  dip-pipes  for  varying  the 
water-level  in  boiler,  485 ;  letter  from  M.  Tresca,  486 ;  report  by 
M.  Couronne,  487. — ^Westmacott,  P.  G.  B.,  "Whether  feeder  tried  -n-ith 
dirty  water,  488. — Haye^,  J.,  "Water  not  clean,  488. — Kitson,  J.  H., 
Satisfactory  trial  of  feeder  in  Leeds,  488  ;  advantageous  for  forge 
boilers,  but  not  for  range  of  boilers,  489 ;  variation  of  pressure  in 
range  of  boilers,  489. — "Westmacott,  P.  G.  B.,  "V\^hat  was  the  pressure, 
489. — Kitson,  J.  H.,  Particulars  of  variation,  489.  —  "Webb,  F.  W., 
Steam-pipes  and  pressure-gauges,  489.  —  Kitson,  J.  H.,  Steam-pipes 
communicate,  and  pressure-gauges  were  tested,  489.  —  Marten,  E.  B., 
Furnace  boiler  or  fii-ed  boiler,  490. — Kitson,  J.  H.,  Feeder  applied  to  fired 
boiler,  490. — Anderson,  "W.,  Feeder  as  working  in  London,  490. — Head,  J., 
Automatic  action  foimd  best,  491  ;  advantage  of  feeder  as  a  tell-tale  of 
boiler- working,  491 ;  general  recognition  of  self-acting  principle,  492 ; 
difficulty  in  applying  feeder  to  vertical  forge-boilers,  492;  advantage  of 
feeder  as  water-meter,  492 ;  need  of  alarm  apparatus,  493. — Paget,  A., 
Feeder  as  likely  to  get  out  of  order  as  injector  or  pump,  493 ;  leakage 
between  port-faces,  493 ;  loss  of  heat  by  radiation  from  bottles,  494 ; 
injectors  not  generally  supplied  in  duplicate,  494 ;  liability  to  deposit, 
494. — Cochrane,  C,  Failure  of  another  feeding  apparatus  after  thirty  years, 
494. — Halpin,  D.,  Steam  engine  at  present  inferior  to  boiler  in  efficiency, 
495. — Hayes,  J.,  Application  of  feeder  to  range  oi  boilers,  495;  working 
of  feeder  in  London,  495 ;  use  of  feeder  as  water-meter,  496 ;  alarm 
apparatus,  496.^"VN'estmacott,  P.  G.  B.,  Kisk  of  choking  up  with  deposit, 
496. — Hayes,  J.,  Freedom  from  sediment  in  feeder,  497. — Paget,  A., 
Quality  of  water,  497. — Hayes,  J.,  "Water  from  mains  will  leave  scale,  497 ; 
neither  lubrication  nor  attention  required,  497 ;  economy  realised,  497. — 
Cochrane,  C,  Risk  of  scale  gathering  on  dip-pipe,  498. — Hayes,  J.,  No 
choking  of  dip-pipe,  498 ;  size  of  dip-pipe,  499 ;  absence  of  floats  or 
levers,  499  ;  advantage  of  feeder  to  both  boiler  and  engine,  499. 

Boiler  Feeder,  Mayhew's  Automatic,  sho^\Ti  at  Cardiff  meeting,  1884,  357. 

Boiler,  Feed-"Water  Heater  and  Filter,  1881,  539. 

Boilers,  Experimental  boilers  of  mild  steel,  1880,  405,  413,  483. — Of  Steam-ship 
"  City  of  Rome,"  1880,  342.    See  Steam-ship. 

Boilers,  Frisbie'a  Mechanical  Fire-feeder  and  Grate  for  Boilers  and  Furnaces, 
1876,  318. 

BoiLEB,  Lancashire,  Paper  on  tlic  Lancashire  Boiler,  its  construction,  equipment, 
and  setting,  by  L.  E.  Fletcher,  1876,  59. — Lancashire  and  Cornish  boilers, 
59. — Boiler  should  have   as  much   accuracy  of  make  and   attention   as 
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engine,  60. — Variations  in  construction,  61. — Experimental  boiler  for  series 
of  hydraulic  bursting  tests,  61. — Construction  of  boiler  recommended  for 
high  pressures,  62. — Grooving  action  at  ends,  63. — Guseet  stays,  63. — 
Mode  of  testing,  63. — Longitudinal  stays,  6-4. — Elasticity  of  end  plates, 
64. — Furnace  tubes,  means  of  strengthening,  65. — Objection  to  stays  for 
supporting  furnace  tubes,  66. — Shell  plates,  67. — Steam  dome  useless  and 
objectionable,  68. — Manhole  strengthened  -with  wrought-iron  mouthpiece, 
68. — Fitting  of  safety-valves,  70. — Blocks  for  attachment  of  fittings,  70. — 
Seams  of  rivets,  71. — Strain  on  transverse  seams  only  half  that  on 
longitudinal  seams,  71. — Machine  riveting  and  drilled  holes  preferred,  71. 
— Material  for  boiler,  72. — Arrangement  of  fittings,  73. —  Dead-weight 
safety-valve,  74. — Low-water  safety-valves,  74. — Furnace  mountings,  75. — 
Setting,  flues,  and  course  of  draught,  76. — Boiler  covering,  78.  — 
Ckinnections,  78. — Weight  and  cost,  79. — Heating  surface,  80. — Working 
results,  81. 

Discussion. — Fletcher,  L.  E.,  Specimens  from  experimental  boiler,  82 ; 
effect  of  hot  file  on  Lancashire  boiler,  82  ;  leakage  in  furnace  tubes  stopped 
by  removing  rigidity  of  ends,  84  ;  objection  to  grouping  safety-valves  and 
other  fittings  on  one  mouthpiece,  84 ;  necessary  to  plug  junction- valve 
■when  examining  boiler,  85  ;  explosion  from  fracture  of  branch  steam-pipe, 
■86;  cast-iron  fitting  blocks  objectionable,  87. — Cowper,  E.  A.,  Gauge 
cocks  essential  in  case  of  glass  gauge  breaking,  88 ;  vacuum-valve  useful 
for  preventing  boiler  filling  with  water  when  steam  down,  88 ;  steam  dome 
tshould  not  be  done  away  with,  but  boiler  shell  strengthened,  88. — 
Adamson,  D.,  Relative  area  of  plate  and  rivet  in  experimental  boiler  not 
proportioned  to  give  greatest  strength,  89 ;  objection  to  system  of 
specifying  diameter  of  rivets,  90  ;  usual  tests  of  small  riveted  pieces  not 
reliable,  90  ;  with  punched  holes  many  rivets  not  in  true  position  to  give 
full  strength,  90;  punched  holes  no  advantage  from  being  conical,  91; 
•original  introduction  of  flanged  seams,  and  gusset  stays,  92  ;  flanged  seams 
proportioned  to  stop  collapse  of  flue  when  overheated,  92  ;  flanged  seams 
«ould  bear  more  intense  heat  than  any  other  seam,  92 ;  uniformity  of 
strength  desirable  even  by  chain-riveting  transverse  seams,  ^  ; 
longitudinal  stays  valuable  as  a  precaution,  94 ;  elasticity  of  plates  more 
important  than  tensile  strength,  94 ;  plates  should  be  tested  across  grain, 
95  ;  wrought-iron  mouthpieces  long  adopted  in  locomotive  boilers,  96 ; 
drilled  rivet  holes  give  greatest  strength  because  all  rivets  act  fully, 
96.  —  Walker,  B.,  Drilled  holes  found  better  than  punched,  97 ; 
I^aucashire  boiler  found  satisfactory  in  working,  97 ;  longitudinal 
bolts  add  materially  to  durability  and  safety  of  boiler,  98 ;  cast-iron 
mountings  satisfactory  when  not  badly  put  on,  98 ;  holes  drilled  and 
riveted  cold  found  stronger  than  holes  punched  and  riveted  hot,  90. — 
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BoiLEB,  Lancashire  (coutinued). 

Olrick,  L.,  Best  construction  of  boilers  should  always  be  employed,  99  ; 
proportion  of  test  pressure  to  working  pressure,  100;  longitudinal  stays 
should  only  take  strain  after  gusset  stays,  100  ;  means  of  strengthening 
manholes  in  vertical  boilers,  100;  large  mudhole  obtained,  in  Cornibh 
boiler  by  adding  a  large  pocket,  101 ;  material  for  boiler  shells,  102 ; 
additional  safety-valves  for  preventing  excessive  pressure,  102  ;  evaporative 
power  of  boiler  should  be  stated,  not  horse  power,  103 ;  experiments  on 
boilers  should  be  extended  to  vertical  boilers,  103. — Head,  J.,  Sources  of 
danger  in  Lancashire  boiler,  101 ;  daiigers  lessened  in  vertical  boiler,  105  ; 
results  of  working  with  vertical  boilers,  105 ;  advantages  of  vertical  boiler 
over  Lancashire,  106  ;  cross  tubes  in  vertical  boilers,  108. — Cochrane,  C, 
Internal  corrosion  from  acidity  of  water  prevented  by  use  of  caustic  soda, 
108. — Hall,  W.  S.,  Strength  of  joints  not  equal  along  zigzag  and  along 
straight  line  of  rivets,  109. — Welch,  E.  J.  C,  ^Nleans  of  punching  rivet- 
holes  at  exact  distances,  109;  drilled  holes  stronger  than  punched,  110; 
steam  junction-pipe  broken  from  water  accumulating,  110 ;  low  water 
alarms  not  to  be  relied  on.  111;  rules  for  strength  of  internal  ilues  in 
boilers.  111;  test  by  hydraulic  pressure  should  not  be  less  than  double 
the  working  pressure,  112. — Walker,  C.  C,  Priming  a  great  danger, 
which  ought  to  be  got  rid  of,  113;  horizontal  boiler  better  than  vertical 
for  avoiding  priming,  on  account  of  large  water  surface,  114. — Kobinson, 
J.,  Vertical  boilers  worked  at  Manchester  not  found  satisfactory,  114 ; 
priming  considerable  in  vertical  boilers,  115 ;  danger  of  steam  getting 
superheated  and  causing  explosions  in  vertical  boilers,  115. — Head,  J., 
Vertical  boilers  with  considerable  amount  of  steam  pipe  found  not  to 
prime,  115;  uptake  going  through  steam  not  dangerous  with  proper 
construction,  116. — Thorny  croft,  J.  I.,  Vertical  boilers  liable  to  priming 
from  small  water  surface,  117. — Paget,  A.,  Best  construction  of  riveted 
joint  very  desirable  to  be  ascertained,  117. — Piatt,  J.,  Drilled  holes  more 
correct  than  punched  holes,  but  question  whether  worth  extra  expense, 
118 ;  cast-iron  mountings  riveted  on  by  hydraulic  machine,  found  to  be 
very  perfect  work,  119. — Hall,  T.  B.,  Flanged  seam  admirable  for 
strengthening  boiler  flues,  but  disadvantageous  in  repairs,  119. — Bower,  A., 
Defects  in  Board  of  Trade  rules  for  boilers,  119 ;  experiments  required  for 
establishing  best  riveted  joints,  120 ;  plates  should  be  planed  at  edges,  and 
rivet  holes  drilled,  120. — Amos,  C.  E.,  Means  of  overcoming  difBculty  of 
priming,  121. — Fletcher,  L.  E.,  Advantages  of  Lancashire  boUer  for  mills, 
121;  dangerous  character  of  vertical  boilers,  122;  longitudinal  stays  not 
required  for  strength,  123 ;  factor  of  safety  adopted,  124  ;  weakening  ofl'ect 
of  steam  dome,  124. — Hawksley,  T.,  Self-acting  feed  for  furnace  should  be 
considered  in  construction  of  boiler,  125. 
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Boilers,  Iron  and  Steel  for,  1879,  268.    See  Iron  and  Steel  for  Boilers. 
Boilers,  Marine ;  see  Marine  Engine.     For  iron  or  steel  works ;  see  Steel  Plant. 
Boilers,   Steel.     See    Steel    Boiler   Experiments.    See   High-Pressure  Vessels. 

See  Iron  and  Steel  for  Boilers. ' 
Boiler,  Rag,  for  paper  making,  1876,  129,  157. 
Bone,  W.  L.,  elected  Member,  1884,  1. 
Booth,  W.  S.,  elected  Graduate,  1883,  310. 

Boring  by  Diamond  Drill.   See  Rock  Drill,  Diamond,  1875, 92.   See  also  1874,  249. 
BoBiNG  by  Percussive  Drill.     See  Rock  Drilling  Machinery,  1874,  77.— 1877, 

206.     See  also  1875,  103,  109,  111,  113.     See  Mining  Machinery,  1882,  319. 
BoBODiN,  A.,  elected  Member,  1880,  185. 

Locomotives,  Compound,  1883,  451,  452. 
BoRRiE,  J.,  memoir,  1884,  398. 
Bough,  W.,  decease,  1877,  2.— Memoir,  17. 
Bough,  Sir  T.,  decease,  1881,  11. — Memoir,  1. 
Bourdon,  F.  E.,  elected  Member,  1878,  558. 
Bourne,  J.  J.,  elected  Member,  1884,  198. 
Bourne,  \V.  T.,  elected  Member,  1879,  37. 
Bousfield,  W.  R.,  Paper  on  Implements  and  Machinery  for  Cultivating  land 

by  Horse-Power,  1880,  529.— Remarks,  547,  551. 
BovEY,  H.  T.,  elected  Member,  1879,  37. 
Bow,  W.,  elected  Member,  1880,  310. 
Bower,  A.,  Boiler,  Lancashire,  187G,  119. 
Bowie,  A.  J.,  Jun.,  elected  Member,  1882,  254. 
Bowles,  E.  W.,  elected  Graduate,  1882,  476. 
Boyd,  W.,  elected  Member  of  Council,  1884,  21. 

Council,  Annual  Report,  1884,  21. 

Dock,  Victoria  Floating,  1878,  180. 

Governor,  the  "Velometer,"  1879,  415. 

Petroleum  Fuel  in  Locomotives,  1884,  300. 

Riveted  Joints,  1881,  263. 

Slipways,  Paper  on  Slipways,  1881,  581. 

Steam-ship  "City  of  Rome,"  1880,  345. 

Steel  Boiler  Experiments,  Paper  on  experiments  relative  to  Steel  Boilers, 
1878,  217.— Remarks,  267,  269. 

Valve-Gear,  Joy's,  1880,  437,  440. 
BOTEB,  R.  S.,  elected  Member,  1884,  79. 
•Boys  Power  Meter,  1884,  107. 

Bbaconnot,  Capt.  C,  elected  Member,  1875,35.— Decease,  1883,  36.— Memoir,  11. 
Bradbury  and  Co.'s  Sewing  Machine  Works,  Oldham,  1875,  307. 
Bradford,  "Works  visited  at  Leeds  meeting,  1882,  452,  406-7. 
Bradley,  F.,  elected  Member,  1882,  145. 
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Beadlet,  F.  a.,  elected  Member,  1878,  30. 

Bradley,  I.,  elected  Member,  1875,  65. 

Bradley,  T.,  elected  Member,  1881,  9. 

Bragge,  "W.,  memoir,  188i,  398. 

Braham,  p.,  Expansion,  Variable  Automatic,  1877,  291. 
Tynewydd  Colliery  Inundation,  1877,  232. 

Braithwaite,  C.  C,  elected  Member,  1878,  107. 

Brajthtvaite,  R.  C,  elected  Member,  1875,  65. 

Brake,  Paper  on  the  Automatic  Screw-Brake,  by  W,  Parker  Smith.  1882,  500. 
— Hand  screw-brake  and  continuous  brakes,  500. — Weak  points  in  early 
mechanical  brakes,  501. — Use  of  fluid  pressure,  501. — Principle  of 
automatic  screw-brake,  501. — Construction  and  action,  502. — Arrangement 
for  vehicles  with  small  wheels,  504. — Application  of  brake  by  engine- 
driver  or  guard,  505. — Freedom  from  skidding,  505. — Independence  of 
brakes  on  each  vehicle,  506. — Complication  of  air  or  water  brakes,  506. — 
Screw-brake  is  normally  on,  507. — Brake  put  fully  on  in  two  or  three 
revolutions  of  axle,  507. — Weight  of  apparatus,  and  facility  of  fitting, 
507. — Wearing  surfaces,  size  and  durability,  507. — Large  field  for 
mechanical  brakes,  508. 

Discussion. — Smith,  W.  P.,  Exhibited  model  of  brake,  and  parts  of 
apparatus,  508. — Westmacott,  P.  G.  B.,  Want  of  satisfactory  brake,  508. — 
Smith,  W.  P.,  Particulars  of  running  and  of  stops,  509. — Head,  J., 
Skidding,  and  limit  of  pressure,  509. — Smith,  W.  P.,  Wlieels  not 
necessarily  skidded,  509. — Eamsbottom,  J.,  Ballast  on  Liskeard  and 
Caradon  Eailway,  509.— Smith,  W.  P.,  Broken  granite,  with  little  sand, 
509 ;  screwed  sleeve  does  not  touch  axle,  509. — Eamsbottom,  J., 
Difficulties  from  rusting,  exposure,  and  dust,  510;  each  brake  in  long 
train  should  do  its  share  in  retarding,  510. — Tomlinson,  J.,  Use  of 
Smith  vacuum  brake  on  Metrojwlitan  Eailway,  510;  sudden  action  of 
screw-brake,  and  difficulty  of  keeping  blocks  in  trim,  511 ;  short  stroke 
with  screw-brake,  511. — Davey,  H.,  Possibility  of  excessive  pressure  after 
skidding,  511 ;  small  traffic  on  Liskeard  and  Caradon  Eailway,  512. — 
Fairholme,  C,  Steel  friction-surfaces  in  Heberleiu  brake,  512 ;  hand- 
brakes cannot  be  replaced  by  air-brakes,  but  are  replaced  by  Heberlein, 
512  ;  brake-couplings  by  cord  above  coaches,  513  ;  difference  between 
Heberlein  and  Clark-Webb  brake,  514. — Crampton,  T.  E.,  Do  screws  wear 
unequally,  514. — Eiches,  T.  H.,  Brake-couplings  between  carriages,  514 ; 
objection  to  use  of  chains,  515 ;  self-contained  automatic  brake  on  each 
vehicle,  515  ;  Foulkes'  brake,  515;  difficulty  of  applying  continuous  brake 
to  goods  trains,  515. — Smith,  W.  P.,  Couplings  between  vehicles  prevent 
all  movement  in  chain,  515 ;  chain  preferable  to  rope,  516 ;  effects  of 
exposure   to   weather,   516 ;   unequal  application  of  brakes  throughout 
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train,  516  ;  gradual  action  of  screw-brake,  517  ;  large  stroke  can  be 
obtained,  517;  no  skidding  occurs  in  practice,  517;  mode  of  working  the 
brake,  517;  cost  and  weight  of  apparatus,  518;  continuous  brakes  for 
express  goods  trains,  518. 

Brake,  Foulkes'  Continuous  Automatic  Railway  Brake,  shown  at  Oeirdiff 
meeting,  1884,  357. 

Brakes,  Paper  on  Continuous  Brakes  for  railway  trains,  by  E.  D.  Sanders, 
1878,  G7. — Principle  of  different  brakes  alone  considered,  67. — Simple  and 
automatic  method  of  applying  brakes,  68. — Screw  brake,  68. — Chain 
brakes,  69. — Simple  vacuum  brake,  71. — Brake  sliould  be  under  control  of 
driver,  73. — Contingencies  to  be  provided  against  in  working  a  train,  74. — 
Four  conditions  necessary  for  perfect  system  of  continuous  brakes,  74. — 
Hydraulic  brake,  75. — Automatic  compressed-air  brake,  76. — Another 
form  of  ditto,  79. — Automatic  vacuum  brake,  79. 

Discussion. — Sanders,  R.  D.,  Requisite  pressure  to  be  first  studied,  and 
then  means  of  applying  it,  81. — Olrick,  L.,  Brake-blocks  should  be  held 
away  from  wlieels,  82 ;  importance  of  promptness  of  action  with  brakes,. 
83  ;  experiments  in  stopping  with  AVestinghouse  and  vacuum  brakes,  83 ; 
hardly  fair  to  compare  compressed-air  brake  against  vacuum  brake,  84. — 
Paget,  A.,  Brake  with  more  pressure  reasonably  compared  with  vacuum 
brake,  84. — Welch,  E.  J.  C,  Advantage  of  pressure  over  vacuum  brake, 
85;  cylinder  with  piston  seems  more  durable  than  diaphragm,  85. — 
Barclay,  A.,  Maximum  pressure  on  brake-blocks  can  do  no  more  than 
skid  the  wheels,  85  ;  continuous  brakes  should  be  applied  to  slow  trains, 
86. — Bell,  I.  L.,  Question  to  be  discussed  is  that  of  best  brake,  86; 
difficulties  of  North  Eastern  Railway,  87. — Tomlinson,  J.,  Saving  effected 
•with  continuous  brake,  87. — Unwiu,  W.  C,  Continuous  brakes  of  Newall 
and  Fay,  89 ;  air-pressure  brake  has  decidedly  greater  retarding  power 
than  vacuum  brake,  90. — Wright,  W.  B.,  Defects  of  Newall's  and  Fay's 
brakes,  90. — Paget,  A.,  De-railment  not  uncommon,  except  with  short 
runs  and  low  speeds,  91. — Tomlinson,  J.,  Automatic  action  complicated 
and  seldom  wanted,  92. — Wright,  W.  B.,  Automatic  principle  valuable, 
apart  from  question  of  breaking  away,  92. — Hawksley,  C,  Brakes  more 
effective  when  wheels  not  completely  skidded,  93. — Westinghouse,  G., 
Jun.,  Greater  pressure  always  gave  better  results,  94 ;  pressure  should  be 
more  than  double  weight  on  wheel,  94 ;  Westinghouse  brake  and  triple 
valve,  95 ;  comparison  with  vacuum  brake,  96 ;  results  of  working  most 
satisfactory,  97 ;  brake  can  be  graduated  with  great  nicety,  98. — Cowper, 
E.  A.,  Brake  ought  to  be  capable  of  being  put  on  gradually,  98 ;  adhesion 
between  wheel  and  rail,  99. — Robinson,  J.,  Discomfort  caused  by 
application  of  chain  brake  on  London  and  North  Western  Railway,  99. — 
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Welch,  E.  J.  C,  Diaphragm  must  have  three  times  as  large  area  as  piston, 
in  order  to  have  same  effect,  99. — Cowper,  E.  A.,  Life  of  diaphragm,  100. — 
Sanders,  R.  D.,  Promptness  of  application  of  automatic  vacuum  brake. 
100  ;  results  of  actual  trials,  101 ;  "NVestinghouse  brake  sometimes  goes  on 
when  not  wanted,  102 ;  pressure  produces  same  effect,  however  applied,. 
102 ;  advantages  of  automatic  vacuum  brake  over  compressed-air  brake, 
103 ;  construction  of  diaphragm,  104. — Robinson,  J.,  Question  of  best  brake- 
not  yet  settled,  105. 

Brakes,  First  Paper  on  the  Effect  of  Brakes  upon  railway  trains,  by  Douglas 
Galton,  1878,  467.  —  Paper  gives  results  of  experiments  on  Brighton 
Railway,  467. — Objects  of  experiments,  467. — Construction  of  dynamometer 
used,  468. — General  arrangement  of  recording  apparatus,  470. — Speed 
indicator,  470. — Description  of  diagrams  obtained,  472. — Results  shown 
by  the  experiments,  477. — General  conclusions,  478. 

Discussion. — Galton,  D.,  Delay  in  making  apparatus  prevented  paper 
being  complete,  479;  line  of  speed,  479. — Morin,  General,  Desired 
opportunity  for  reflection  before  giving  opinion,  480. — Westinghouse,  G.,. 
Jun.,  Rise  in  friction  of  brake-blocks  when  just  stopjiing,  480 ;  no  partial 
skidding,  480;  brakes  might  operate  with  much  greater  force  than  has 
been- applied,  481 ;  actual  weight  upon  wheels  to  be  recorded,  482;  essential 
point  is  to  settle  exact  diagram  of  brake-block  pressure,  482. — Ha.swell,. 
J.  A.,  Results  of  paper  as  to  skidding  negatived  the  deductions  drawn  by 
Royal  Commission  on  railway  accidents,  483. — Tomlinson,  J.,  Experiments 
only  confirmed  what  was  known  by  practical  men  about  skidding  of 
wheels,  483. — Brown,  C,  Accident  on  a  line  in  Switzerland  showed  that 
the  retarding  effect  is  much  less  with  skidded  wheels,  484. — Pontzen,  E., 
Duration  of  skidding  is  an  item  to  be  noticed,  484. — Yeomans,"D.  M.,. 
Application  of  brakes  should  bo  quick  but  gradual,  485. — Cochrane,  C, 
Distribution  of  load  on  wheels  would  be  altered  by  momentum,  485. — 
Darwin,  H.,  Question  of  distribution  of  load  had  been  con8idered,*486. — 
Paget,  A.,  Skidding  as  affected  by  material  of  wheels  and  rails,  486. — 
Hawksley,  C,  Possible  means  of  obviating  skidding,  486. — Kennedy,. 
A.  B.  W.,  Cause  of  diminished  resistance  with  skidded  wheels  is  polishint^ 
of  siu-face,  487. — Robinson,  J.,  Skidding  might  sometimes  be  used^with 
advantage,  488. — Galton,  D.,  Difficult  matter  to  apply  brakes  without 
sometimes  skidding  the  wheels,  488. — Robinson,  J.,  Paper  is  the  result  of 
great  labour,  489. 

Brakes,  Second  Paper  on  the  Effect  of  Brakes  upon  railway  trains,  by  Douglas 
Galton,  1878,  590.  —  Alterations  in  apparatus,  590.  —  Modification  of 
conclusions  as  to  instantaneous  skidding,  592. — General  description  of 
subsequent  experimeats,  592. — Two   conditions  of  retardation,  according- 
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as  wheels  are  Bkidded  or  not,  593. — Coefficient  of  friction  between  brake- 
blocks  and  wheels,  594. — Special  experiments  with  brake-blocks  of  small 
area,  595. — Time  occupied  in  skidding  wheels  varies  with  speed,  596. — 
Sudden  rise  and  fall  in  friction  at  moment  of  skidding,  597. — Coefficient 
of  friction  varies  with  time  of  apjolication,  598. — Table  of  coefficients  of 
static  and  dynamic  friction,  599. — Friction  of  wrought-iron  blocks,  600. 
— Eifect  of  sand  on  rails,  600. — Coefficient  of  friction  between  wheels  and 
rails,  GOl. — General  effect  of  brakes,  as  shown  b}'^  strain  on  draw-bar,  602. 
— Proportion  which  pressure  on  brake-blocks  should  bear  to  weight  on 
wheels  at  different  velocities,  604. — Effect  of  time  expended  in  bringing 
pressure  to  bear  on  wheels,  606. — Description  of  experiments  with  Smith 
brake  and  Westinghouse  brake,  607. — Time  expended  in  applying  the  two 
brakes  at  different  points  in  train,  610. — Particulars  of  stops  made  in 
experiments,  611-013. — Conclusions,  614. 

Discussion. — Galton,  D.,  Second  day's  results  with  vacuum  train  not 
reliable,  616.  —  Eobinson,  J.,  Additional  observations  prepared  by  the 
Secretary,  616. — Browne,  W.  R.,  Supplementary  Paper  on  the  Theory  of  the 
■action  of  Brahes  upon  the  irheels  of  a  train,  617  ;  motion  of  wheel  rolling  on 
■rail,  617  ;  retarding  effect  of  brake  equal  to  frictional  strain,  618  ;  wheel  is 
skidded  when  block  friction  exceeds  rail  friction,  619;  change  of  friction 
as  wheel  comes  to  rest,  619 ;  decrease  of  retarding  force  when  wheel  is 
skidded,  620 ;  further  decrease  as  skidding  continues,  620 ;  effect  of 
releasing  wheel,  620 ;  variation  of  friction  with  speed  and  time,  621. — 
Sacre,  C,  Desirable  to  ascertain  cost  of  working  of  various  brakes,  621. — 
Haggard,  F.  T.,  Apparent  discrepancies  as  to  stops,  622. — Cowper,  E.  A., 
Illustration  and  explanation  of  effect  of  relative  speed  on  friction,  622. — 
Hall,  W.  S.,  Effect  of  skidding  on  tyres,  624. — Yeomans,  D.  M.,  Con-cctions 
with  respect  to  trials  of  vacuum  and  Westinghouse  brakes,  624  ;  experiment 
to  prove  whether  blocks  were  dragging,  625  ;  meaning  of  vacuum  brakes 
being  "  half  on  "  and  "  full  on,"  625. — Paget,  A.,  Question  is  one  of 
ascertaining  fiicts,  not  of  particular  brakes,  626. —  Hopkiuson,  J., 
Intervening  fihn  of  air  is  probably  i^artial  cause  of  decrease  of  friction, 
-626. — McDonnell,  A.,  Difference  between  djTianiic  and  static  friction,  627. 
— Fay,  C,  Early  experiments  with  his  own  brake,  proving  evil  of  skidding, 
€28;  effect  of  sand,  and  means  of  applying  it,  629.— Marindin,  F.  A., 
■Board  of  Trade  return  as  to  working  of  different  brakes,  630. — Galton,  D., 
Distance  between  brake  -  blocks  and  wheels  in  vacuum  train,  630 ; 
explanation  as  to  vacuum  brake  being  "full  on"  or  "half  on,"  631. — 
Robinson,  J.,  Aid  rendered  by  Mr.  Westinghouse  in  these  experiments, 
631 ;  difficulty  of  arriving  at  general  agreement  on  beet  form  of  brake, 
€32, 
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Bbakes,  Ttiird  Taper  on  the  Effect  of  Brakes  upon  railway  trains,  by  Douglas 
Galton,  1879,  170.— Effect  of  skidding,  170.— Coefficient  of  friction  as 
affected  by  speed,  171. — Ditto  as  affected  by  time,  171. — Ditto  as  affected 
by  material  and  weather,  173. — Experiments  on  a  train  cannot  be  free 
from  disturbing  elements,  173. — Adhesion  as  affecting  the  maximum 
retardation,  174. — Eegulator  for  brake-block  pressure,  175. — Experiments 
made  with  ditto,  178. — Eegulation  of  pressure  necessary  for  a  perfect 
brake,  181. — Momentum  of  wheels  due  to  rotation,  182. — Relation  between 
retardation  applied  and  weight  of  train,  182. — Eequirements  of  a  perfect 
brake,  185. — List  of  particulars  required  in  order  to  compare  different 
brakes,  191. 

Discussion. — Galton,  D.,  Eeason  why  coefficient  of  friction  becomes 
less  as  speed  becomes  greater,  194 ;  reason  why  a  skidded  wheel  has 
less  retarding  force  than  a  wheel  revolving,  194. — Yeomans,  D.  31.,  If 
application  of  brakes  was  instantaneous,  there  should  be  no  breaking  of 
draw-bars,  196;  leather  sack  very  durable,  196. — Marie',  G.,  Eeason  why 
draw-bars  were  often  broken  on  Lyons  railway  is  an'angement  of 
springs,  196. — Banderali,  D.,  Leather  sack  better  than  india-rubber,  but 
not  perfect,  197 ;  separate  frame  for  block-hangers  on  Northern  railway, 
198 ;  broken  draw-bars  got  rid  of  by  use  of  continuous  draw-bars,  198. — 
Kennedy,  A.  B.  W.,  Connection  of  friction  with  velocity  and  with  time, 
199  ;  friction  seems  to  tend  to  a  constant  quantity,  200  ;  relation  between 
friction  and  pressure  per  square  inch,  200. — Marie',  G.,  With  elastic  brakes 
no  disadvantage  in  suspending  block-hangers  direct  from  carriage,  202. — 
Paget,  A.,  Statical  friction  much  greater  than  dynamical  in  case  of  ropes 
passing  round  grooved  wheels,  203 ;  diminution  of  friction  with  time 
miglit  be  due  to  change  in  material,  caused  by  heat,  204. — Eiches,  T.  H., 
Working  of  Smith  vacuum  brake  on  Taff  Yale  railway,  204.— Sanders, 
K.  D.,  Cause  of  reduced  friction  with  skidded  wheel  is  hardness  of 
surfaces  in  contact,  204 ;  essential  that  brake  should  indicate  when  it  is 
out  of  order,  205  ;  no  obstruction  should  be  allowed  in  continuous  pipe, 
206;  whole  apparatus  should  form  one  chamber,  207. — Haskins,  J.  F., 
Eames  brake  worked  successfully  on  elevated  railways  in  New  Y'ork, 
208. — Tyler,  Sir  H.,  Satisfactory  to  see  foreign  gentlemen  present,  208. — 
Williams,  E.  P.,  Experiments  on  coefficient  of  friction  agree  with  results 
obtained  by  Poire'e,  208 ;  Table  showing  best  results  that  could  be 
obtained  theoretically,  210. — Cowper,  E.  A.,  Tendency  in  carriage  to 
dip  down  in  front  is  caused  by  centre  of  gravity  being  above  raUs,  211 ; 
burnishing  of  rubbing  surfaces  causes  loss  of  adhesion  during  skidding, 
212. — Parsons,  Hon.  E.  C,  Diminution  of  friction  due  to  film  of  dust, 
212. — Hawksley,  C,  Arrangements  for  preventing  skidding  might  stiU  be 
improved,  213. — Marie',  G.,  Heat  is  main  cause  of  diminution  in  friction, 
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Bbakes  (continued). 

213. — Westinghouse,  G.,  Jun.,  Diminution  in  friction  is  due  to  abraded 
metal  acting  as  little  rollers,  213 ;  effects  and  advantages  of  friction- 
regulating  valve,  211. — Firth,  S.,  Automatic  brake  should  be  applied  in 
cases  of  emergency  only,  215. — Riches,  T.  H.,  Were  Capt.  Galton's  results 
obtained  upon  steel  or  iron  rails,  215. — Galton,  D.,  After  certain  time, 
friction  would  probably  become  uniform,  215  ;  diminution  of  friction  with 
time  is  due  to  heat  generated,  21 G;  no  higher  brake-pressure  should  be 
applied  than  required  for  any  particular  speed,  216  ;  experiments  all 
made  on  steel  rails,  217. — Eobinson,  J.,  Desirable  to  have  paper  on  the 
vacuum  brake,  217. 
Beakes,  Is  Automatic  action  necessary  or  desirable  in  a  continuous  railway 
Brake  ?  Paper  by  T.  H.  Eiches,  1880,  100. — Essential  points  on  which 
decision  should  be  based,  100. — Comparison  between  beneficial  results  and 
defects  of  automatic  action,  101. — Severance  of  trains,  101. — Couplings 
should  have  increased  strength,  102. — Automatic  brake  has  twice  as  many 
parts  as  non-automatic,  102. — Automatic  brakes  liable  to  creep  on,  103. — 
Difficult  to  regulate  down  long  inclines,  103. — Comparison  of  automatic 
and  non-automatic  brakes,  from  Board  of  Trade  returns,  104. — Failures 
through  different  causes  classified,  104. — Not  yet  any  automatic  brake 
sufficiently  simple  and  reliable,  105. — Tables  showing  working  of  automatic 
and  non-automatic  brakes,  107-112. 

Discussion. — Sanders,  E.  D.,  Eecord  of  failures  should  include  cases 
where  brake  failed  to  apply  itself  when  wanted,  113;  brakes  required 
by  Board  of  Trade  to  be  instantaueoirsly  self-acting,  113  ;  importance 
of  tell-tale  action  in  brakes,  114 ;  only  one  instance  of  his  own  brake 
refusing  to  go  on,  114  ;  instances  showing  value  of  automatic  action,  114; 
relative  number  of  parts  in  automatic  brake  and  in  non-automatic,  115  ; 
nicety  of  regulation  in  automatic  brake  for  descending  inclines,  115 ; 
advantage  of  self-application  in  automatic  brake,  116  ;  no  instance  of  his 
own  brake  creeping  on,  117. — Gutch,  G.  A.,  Question  should  be  treated 
independently  of  individual  brakes,  117 ;  comparison  should  give  number 
of  failures  which  would  affect  efficiency,  119 ;  brakes  to  be  self-acting  in 
every  case,  not  merely  in  case  of  severance,  119  ;  breakages  of  couplings  are 
reported  only  when  resulting  in  accidents,  120  ;  action  of  automatic  brake 
in  Bickley  accident,  121 ;  increased  strength  of  couplings  would  not  prevent 
parting  of  trains,  122  ;  self-application  of  automatic  brake  when  out  of  order 
is  not  a  failure  but  a  success,  122  ;  trifling  nature  of  many  reported  failmes  of 
automatic  brake,  123;  dangerous  failures  of  vacuum  brake,  123;  comparison 
of  Vacuum  and  Westingliouse  brakes  on  North  Eastern  Bail  way,  124; 
Westinghouse  brake  does  not  creep  on,  125 ;  negligence  is  sole  cause  of 
brakes  refusing  to  come  off,  1 20 ;  working  of  automatic  brakes  down  long 
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Brakes  (continued). 

inclines,  126  ;  report  of  M.  Marie'  as  to  brakes  on  steep  gradients,  and  as 
to  automaticity,  127;  similarity  between  automatic  brakes  and  block 
system  of  signalling,  128. — Tyler,  Sir  H.,  Automatic  principle  essential 
for  continuous  brakes,  128;  analysis  of  seven  years'  accidents,  -with. 
Table,  130  ;  principle  of  tell-tale  action,  131 ;  breakage  of  couplings,  132 ; 
reports  should  discriminate  between  failures  leading  to  danger,  and 
virtual  successes,  132. — "Williams,  E.  Price,  Difficulty  as  to  mode  of 
tabulating  the  failures,  133. — Banderali,  D.,  Objection  to  automatic 
action  without  block  signalling,  134  ;  brake  should  only  give  warning  of 
defect,  instead  of  stopping  the  train,  134. — McDonnell,  A.,  Question 
whether  automatic  action  is  not  obtained  at  too  great  cost,  134  ;  difficulty 
of  rating  the  value  of  brakes  by  their  failures,  135  ;  brake  power  should 
be  limited  for  ordinary  stoppages,  reserving  full  power  for  emergencies, 
136. — Tomlinson,  J.,  Satisfactory  use  of  Smith  brake  on  Metropolitan 
Kailway,  136. — Teomans,  D.  M.,  Value  of  Smith  brake,  and  importance  of 
ialf-yearly  returns,  136. — "Westinghouse,  G.,  Way  of  an-anging  failures 
in  Tables,  137;  experience  with  Westinghouse  brake  on  Brighton 
Eailway,  137 ;  automatic  brake  now  superseding  non-automatic  in  United 
^States,  138 ;  desirability  of  devising  teU-tale  to  act  without  applying  the 
brake,  139. — Fatrholme,  Capt.  C,  Working  of  Heberlein  automatic  brake 
on  Blaenclochog  Railway  in  South  Wales,  and  in  Gennany,  139. — Riches, 
T.  H.,  No  objection  to  automatic  action  in  itself,  139 ;  difference  in 
importance  of  failures  with  non-automatic  and  automatic  brakes,  140  ; 
automatic  brake  not  a  perfect  tell-tale,  140  ;  separation  of  pipe-couplings  in 
Smith  brake  not  important,  141 ;  method  of  coimting  number  of  separate 
parts  in  brakes,  141 ;  relative  merit  of  automatic  and  non-automatic 
brakes  for  working  down  inclines,  142 ;  comparison  need  not  include 
merely  sectional  brakes,  142  ;  comparison  from  niunber  of  failures  is  not 
incorrect,  143  ;  intention  of  Board  of  Trade  requirements  as  to  automatic 
action,  144 ;  accidents  from  broken  couplings,  144 ;  desirability-  of 
increased  strength  of  couplings,  145 ;  interpretation  of  failures  on 
different  railways,  145 ;  serious  nature  of  repairs  needed  for  aiitomatie 
brakes  in  comparison  with  non-automatic,  146 ;  relative  merits  of  brakes 
should  be  estimated  upon  mileage  run,  147  ;  creeping  on  of  brakes  is  caused 
by  leakage,  147 ;  refusal  of  brakes  to  release  when  required,  148  ;  successful 
working  on  steep  gradients  with  Smith  brake,  148 ;  small  percentage  of 
accidents  calling  for  automatic  action,  149 ;  mode  of  analysing  recorded 
failures  in  Tables,  149. — Robinson,  J.,  Present  paper  prepared  by  the 
author  at  request  of  the  Council,  150. — Cowper,  E.  A.,  Returns  fairly 
analysed  by  the  author,  150 ;  failures  should  be  analysed  by  Board  of 
Trade  as  to  character,  150. 
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Brakes,   Paper  on  recent    Brake  experiments  upon    the  Lyons  railway,  by 

G.  Marie,  1879,  157. — Particulars  of  apparatus,  157. — Practical  working 

of  the  two  brakes  tried,  160. — Kesults  of  the  experiments  made,  161. — 

Comparison  of   the  retarding  forces  in  different  stops,    165. — General 

conclusions,  167. 
Brakes,  Friction.     See  Dj-namometers,  1876,  199. 
Brakes,  Lartigue,  Delebecque  and  Banderali's  automatic  electrical  apparatus 

for  railway  brakes,  1878,  554. 
Bhastwell,  Sir  F.  J.,  elected  President,  1874,  26.— 1875,  34. 

Address,  Presidential,  1874,  103. 

Bath,  Floating  Swimming,  1875,  154,  159,  160. 

Boiler  and  Engine,  High-Pressure,  1877,  155. 

Bridge,  Erection  of,  over  river  Dal,  1876,  55. 

Cement,  Portland,  1S75,  59,  61. 

Chuck,  Electro-Magnetic,  1875,44,  45. 

Compressed-Ail-  Machinery,  1874,  220,  222,  224,  225,  230, 

Condenser,  McCarter,  1876,  312,  316. 

Dock,  Yictoria  Floating,  1878,  175,  179,  182. 

Docks,  Pumping  Machinery,  1874,  159,  161. 

Docks,  Cardiff,  1874,  140,  144. 

Dynamometers,  1876,  227,  242. 

Engines,  Pumping,  Dii-ect- Acting,  1874,  279 

Engines,  Winding,  Direct- Acting,  1875,  245. 

Fairbairn,  Sir  "W.,  deceased,  Notice  of,  1874,  253, 

Fire-Feeder,  Frisbie  jMechanical,  1876,  323. 

Gas-Engine,  Atmospheric,  1875,  215. 

Gauge,  Eailway,  1875,  77,  79. 

High-Pressure  Vessels,  1878,  278. 

Hydi-aulic  Machinery,  Packing  for,  1874,  140. 

Hydi-aulic  Machinery,  Workshop,  1874,  184,  201. 

Lloyd,  Sampson,  deceased,  Notice  of,  1874,  253,  254. 

Marine  Engine,  1881,  486. 

Patent  Laws,  1875,  163,  186. 

Power  Transmission  by  Eopes,  1874,  67,  72,  75. 

Puddling,  Mechanical,  1876,  279. 

Pump,  Helical,  1874,  295. 

Eock-Drill,  Diamond,  1875,  124. 

Eock-Drilling  Machinery,  1874,  96,  99. 

Eules,  1875,  37.— 1870,  30.— 1877,  32. 

Saw,  Direct-Acting  Circular,  1875,  131,  133. 

Secretary,  Vote  to  late,  1878,  110.  112.— Appointment,  1884,  7S. 

Steel  Boiler  Experiments,  1878,  230. 
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Bbamwell,  Sib  F.  J.  (continued). 

Steel,  Hardening,  &c.,  of  Steel,  1883,  68. 
Steel,  Tempered,  Molecular  Eigidity  of,  1883,  90,  91. 
Votes  of  thanks  to  President  for  Address,  1881,  424. 
Wood- Working  Machinery,  1875,  261,  265,  267. 

Bbidge,  Erection*  of,  Paper  on  the  mode  of  Erection  of  the  large  Iron  Girder 
Bridge  over  the  river  Dal  in  Sweden,  by  Edward  Hutchinson,  1876,  46. — 
Site  of  bridge,  46. — Girders,  46. — Adjusting  apparatus,  47. — Test  of  iron 
for  girders,  47. — Difficulty  of  fixing  girders,  from  character  of  river,  48. — 
Different  plans  of  erection  proposed,  49. — Details  of  plan  adopted,  49.^ 
Counterweight,  50. — Derrick  cranes  preferable  to  portable  cranes  in  the 
erection,  51. — Sectional  area  of  main  girders,  52. — Calculation  of  counter- 
balance weight,  52. — Cost  of  erection,  53. 

Discvssion. — Lloyd,  S.  Z.,  Additional  strength  required  in  lower  fl.ange3 
of  girders  during  erection,  53. — Head,  J.,  Top  and  bottom  sections  are  of 
equal  strength,  53. — Cowper,  E.  A.,  Girders  able  to  carry  their  own  weight 
during  erection,  54. — Hawksley,  T.,Keport3on  similar  bridges  in  America, 
54. — Galton,  Capt.  D.,  Comparative  cost  of  erection,  54 ;  strain  put  upon 
girders  in  erection,  54. — Bramwell,  F.  J.,  Specimen  arch  built  in  cement 
by  Brunei  at  Thames  tunnel,  55. 

Bbicksell,  a.  L.,  elected  Member,  1883,  179. 

Bkiggs,  J.  H.,  elected  Member,  1881,  624. 

Bbiggs,  K.,  elected  Member,  1881,  624.— Decease,  1883,  36.— Memoir,  11. 

Bright,  T.  S.,  elected  Graduate,  1880,  310. 

Bkoad,  E.,  decease,  1875,  3. — Memoir,  19. 

Beoadbent,  T.,  elected  Member,  1875, 189. — Decease,  1881, 11. — Memoir,  2. 

Begad  Gauge.    See  Gauge,  Railway,  1875,  66. 

Beodie,  J.  S.,  elected  Member,  1879,  397. 

Traction  Engines  in  India,  1879,  517. 

Bbomlet,  M.,  elected  Member,  1877,  165. — Memoir,  1884,  400. 
Iron  and  Steel  for  Boilers,  1879,  320. 

Beooke,  a.,  elected  Graduate,  1878,  31. 

Bbophy,  M.  M.,  elected  Member,  1880,  9. 

Bbotheehood,  p.,  elected  Member,  1874,  101. 

Compressed-Air  Machinery,  1874,  224,  225. 
Dynamometer,  Marine-engine,  1877,  263. 
Hydraulic  Machinery,  AVorkshop,  1874,  183,  184. 
Pump,  Helical,  1874,  294. 
Saw,  Direct- Acting  Circular,  1875,  130, 

Bbotherhood's  Three-cylinder  Hydraulic  Engine,  1874, 173. — Ditto,  Compressed- 
Air,  for  propelling  torpedo,  1874,  224. — Ditto,  Steam,  for  driving  direct- 
acting  circular  saw,  1875,  130. 
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Bboivn,  a.,  Dredger,  Vertical-action,  1879,  557. 

Bkown,  a.  B.,  Hydiaulic  Machinery,  Marine,  Paper  on  Hydraulic  Machinery  for 
steering,  reversing,  and  discharging  cargo  &c.,  in  steamships,  1874, 
33.— Eemarks,  44,  45,  50,  51,  52,  54. 

Kules,  1874,  30. 
Bbown,  C,  elected  Member,  1879,  37. 

Brakes,  Effect  of,  upon  railway  trains,  1878,  484. 

Tramways,  Mechanical  Traction,  1878,  423. 
Bkown,  F.  R.  F.,  elected  Member,  1880,  185. 
Brown,  G.  W.,  elected  Member,  1881,  408. 
Bkown,  O.,  elected  Member,  1884,  79. 
Bbown's  Portable  Steam  Drill,  1878,  573. 

Bkown's  Tramway  Locomotive,  1880,  44.     See  Locomotive,  Brown's  Tramway^ 
Browne,  B.  C,  Locomotive,  Paper  on  Brown's  Tramway  Locomotive,  1880,  44. — 
Eemarks,  57,  59,  76-81. 

Mining  Machinerj',  1882,  380. 

Traction  Engines  in  India,  1879,  525, 
Brow.ne,  C.  O.,  Armour,  Paper  on  the  construction  of  Armour  to  resist    shot 

and  shell,  1879,  52.— Eemarks,  G9,  73,  78,  82. 
Bbowne,  T.  E.,  elected  Graduate,  1874,  55. 

Browne,  W.  E.,  elected  Secretary,  1878,  29. — Eesignation  of  post  of  Secretary, 
1884,  25.— Memoir,  472. 

Brakes,  Supplemenlary  Paper  on  the  Theory  of  the  action  of  Brakes  upon 
the  wheels  of  a  train,  1878,  617. 

Power  Transmission  by  Eopes,  1874,  68. 

Tynewydd  Colliery  Inundation,  1877,  229. 
Bruce,  G.  B.,  elected  Member,  1874,  55. 
Bbunton,  J.  D.,  Stone-Dressing  Machinery,  Paper  on  Stone-Dressing  Machinery, 

1881,  133.— Eemarks,  141,  143,  144. 
Bryan,  W.  B.,  elected  Member,  1884,  198. 
Bbyham,  W.,  Engines,  Winding,  Direct-Acting,  1875,  242. 
Buckle,  W.  H.  E.,  elected  Graduate,  1880,  186. 

BuCBiEY,  E.  B.,  Dredger,  Paper  on  the  construction  and  working  of  a  Vertical- 
action   Steam    Dredger   in    India,    1879,   534. — Eemarks   554,   559. 

Traction  Engines  in  India,  1879,  518. 
Buckley,  S.,  elected  Member,  1877,  71. 
Buckton's  Flange-Drilling  Machine,  1878,  568,  576. — BucktonandWicksteed's 

Multiple  Drill,  566,  575,  578. 
BuDDicoM,  H.  W.,  elected  Graduate,  1878,  108. 
BuDDicoM,  W.  B.,  elected  Member,  1874,  101. 
Budge,  E.,  elected  Member,  1882,  15. 
Bulkley,  H.  W.,  elected  Member,  1881,  624. 
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Bullock,  J.  H.,  elected  Member,  1884,  408. 

Bull  Engixe.    See  Engines,  Pumping,  Direct-Actiag,  1874,  253. 

BcLMER,  J.,  elected  Member,  1882,  254. 

BuNNiNG,  C.  Z.,  elected  Member,  1884,  79. 

Bunt,  T.,  elected  Member,  1884,  198. 

Bunting,  G.  A.,  elected  Member,  1884,  408. 

Burgess,  J.  F.,  elected  Member,  1877,  299. 

Burgh,  N.  P.,  not  a  member  of  the  Institution,  1880,  311. 

Burn,  R.  S.,  elected  Member,  1881,  624. 

Burn,  AV.  E.,  elected  Member,  1874,  101. 

BuKNET,  L.,  elected  Graduate,  1879,  398. 

Burnett,  E.  H.,  elected  Member,  1878,  558. 

BuKRELL,  C,  JuN.,  elected  IMember,  1878,  558. 

Burton,  C,  elected  Member,  1877,  71. 

Burt,  W.  T.,  decease,  1877,  2.— Memoir,  17. 

Butcher,  J.  J.,  elected  Member,  1884,  198. 

Bute  Docks,  description.    See  Docks,  Cardiff,  1874,  119.— 1884,  227. 

Bute  Gas  Works,  Cardiff,  1884,  366. 

Bute  Shipbuilding  and  Engineering  Works  and  Dry  Dock,  Cardiff,  1884, 

238,  360. 
Butler,  A.  E..  decease,  1884,  3. — Memoir,  61. 
Butler,  E.,  elected  Member,  1882,  254. 
Butler,  H.  M.,  elected  Graduate,  1884,  409. 
Butler,  T.  S.,  decease,  1875,  3. — Memoir,  19. 
Bye-Laws.    See  Kules. 

0. 

Cabry,  T.,  decease,  1874,  2.— Memoir,  16. 
Cairns,  Hon.  H.  J.,  elected  Graduate,  1883,  594. 
Cambrian  Foundry  and  Engineering  Works,  Newport,  1884,  394. 
Cammell,  C,  decease,  1880,  10. — Memoir,  1. 
Campuell,  a.,  elected  Member,  1877,  165. 
Campbell,  Daniel,  elected  Member,  1880,  310. 
Campbell,  David,  decease,  1883,  36. — Memoir,  15. 
Hydraulic  Machinery,  Workshop,  1874,  194. 
Campbell,  James,  Locomotives,  Fraucq'a  Fireless,  for  Tramways,  1879,  627,  638. 
Campbell,  John,  elected  Member,  1882,  254. 
Campin,  F.  W.,  Patent  Laws,  1875,  172,  173,  184. 
Campos,  R.  M.,  elected  Member,  1882,  145. 
Canal  Boats,  Towing  by  Endless  Rope,  1874,  72. 
Candlin,  C,  elected  Member,  1875,  314. 
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Caitnock  Chase  Coalfield,  means  of  boring  through  pebble  beds,  1875,  111, 

116. 
Capacity  of  Blast  Furnaces.    See  Blast  Furnace  Capacity,  1875,  334. 
Caebox  in  Steel,  1883,  56.     See  Steel,  Hardening,  &c. 
Cakbutt,  E.  H.,  elected  Member  of  Council,  1875,  34. 

Address  of  President,  1884,  224. 

Council,  Annual  Eeport,  1884,  20. 

Dynamometers,  1876,  234. 

Gas  Engine,  Atmospheric,  1875,  207. 

Locomotive  Kunuing  Shed,  1884,  251. 

Portable  Eailways,  1884,  143. 

Pressure-Intensifying  Apparatus,  1878,  63. 

Puddling,  Mechanical,  1876,  272,  279. 

Kules,  1877,  26. 

Secretary,  appointment,  1884,  77,  78. 

Ventilators  for  Mines,  Mechanical,  1875,  326. 

Ventdator,  Eoots'  Mine,   Paper  on  Eoots'   Mine  Ventilator,  and  other 
applications  of  Eoots'  blower,  1877,  92. 

Vote  of  thanks  to  retiring  President,  1878,  33. 
Caedew,  C.  E.,  elected  Member,  1878,  30. 

Petroleum  Fuel  in  Locomotives,  1884,  315. 
Caedifp  Docks,  Pajjers  on,  1874,  119.— 1884,  227.    See  Docks,  Cardiff.      Visited 

at  Cardiff  meeting,  1874,  144.— 1884,  356. 
Caediff  Gas  Light  and  Coke  Woeks,  1884,  366. 
Cardiff  Junction  Geaving  Dock,  1884,  236. 
Caediff  Eope  Woeks,  1884,  365. 
Caediff  Summer  Meeting,  1884,  197. — Keception,  197. — Business,  198. — Votes 

of  thanks,  200. — Excursions  &c.,  356. 
Cardiff  Woeks,  visited  at  Summer  meeting,  1884,  357,  360. 
Caedozo,  F.  C.  de  M.,  elected  Member,  1875,  189. 
Caeels'  Engine  Works,  visited  at  Summer  meeting,  Belgium,  1883,  517. — 

Description  of  Works,  568. 
Caelton,  T.  W.,  elected  Member,  1878,  31. 
Cakpmael,  W.,  Patent  Laws,  1875,  170,  182. 

Steel,  Fluid-Compressed,  and  Guns,  1875,  291. 
Caee,  E.,  elected  Member,  1877,  71. 
Carr,  T.,  decease,  1875,  3. — Memoir,  19. 
Carrick,  H.,  elected  Member,  1884,  79. 
Carrington,  W.  T.  H.,  elected  Member,  1874,  256. 
Caeson,  W.,  elected  Member,  1876,  27. 
Carter,  C,  elected  Member,  1877,  71. 
Caeteb,  W.,  elected  Member,  1877,  165. 
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Case-E[aedened  Iron  Kails,  1876,  255. 

Castle  Pit,  Troedyrhiew,  Crawshay's,  large  pumping  and  winding  engines, 
1874,  238. 

Cast-Steel  Ingots,  Compressed  by  Steam  Pressure.  See  Steel  Compression 
by  Steam,  1880,  396.  Structure  of  Cast-Steel  Ingots,  1880,  152.  See 
Steel,  Chernoff's  Papers. 

Cawlet,  G.,  elected  Member,  1883,  179. 

Cejient,  Portland,  Paper  on  tlie  Manufacture  and  Testing  of  Portland  Cement, 
and  the  macliinery  used  in  its  production,  by  H.  Faija,  1875,  46. — 
Composition  of  cement,  46. — Machinery  and  process  of  manufacture,  47. — 
QuaUty  of  cement,  tests,  weight  and  fineness,  53. — Tensile  strength,  54. — 
Expansion,  54. 

Discussion.  Faija,  H.,  Specimens  exhibited,  55  ;  deficiency  of  strength 
in  coarse  cement,  56. — Cowper,  E.  A.,  Description  of  Hoffmann's  kiln,  56  ; 
dry  process  of  manufacturing  cement,  57 ;  testing  for  tensile  strength,  58. 
— Siemens,  C.  W.,  Continuous  kiln  worked  with  gas,  59 ;  position  of 
fracture  in  testing  briquettes,  59. — Faija,  H.,  Size  of  backs,  60 ;  testing 
for  tensile  strength,  60;  quick  setting  cement,  60. — Bramwell,  F.  J., 
Process  of  manufacture,  61 ;  comparison  of  tensile  and  compression  tests, 
62 ;  utilising  waste  heat  from  kiln,  62. 

Centbtftgal  Pump,  1874,  149,  293. 

Centrifugal  Separator,  Paper  on  a  Centrifugal  Separator  for  Liquids  of 
different  specific  gravities,  by  W.  Bergh,  1882,  519. — Description  of 
machine,  519. — Construction  of  rotating  vessel,  520. — Frictional  driving 
gear,  520. — Lubrication  of  bearings,  521. — Previous  machines,  521. — 
Other  applications,  522. 

Discussion. — Bergh,  W.,  Experiments  in  purifying  tar,  523. — West,  J., 
Separation  of  tar  and  ammoniacal  liquor,  523;  condensation  of  tar  &c. 
from  crude  gas,  524.  —  Anderson,  W.,  Action  of  separator  at  Royal 
Agiicultural  Society's  show,  524. — Davey,  H.,  Separation  of  metallic 
particles  in  slimes  at  metal  mines,  525. — Bergh,  W.,  Separation  of  tar, 
526 ;  piuification  of  milk,  527. — Eamsbottom,  J.,  Machine  capable  of  wide 
application,  527. 

Certificates  of  Membership  in  Institution,  1878,  43,  114,  562. 

Chain  Brake  for  Railway  Trains,  1878,  69,  71,  98.     See  Brakes. 

Chalk,  Water  Supply  from,  1876^  163.     See  Water  Supply  from  Chalk. 

Challen,  S.  W.,  elected  Member,  1876,  347. 

Chamberlain,  J.,  elected  Member,  1884,  198. 

Chaney,  H.  J.,  Water  Meters,  1882,  79. 

Channel  Tunnel,  1882,  440.     See  Tunnel,  Channel. 

Chantillt  Forest,  Visit  to,  1878,  555. 

Chapman,  Hedlet,  elected  Member,  1882,  254. 
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Chapman,  Henry,  elected   Member  of   Council,    1878,   29. — Honorary  Local 
Secretary  for  Paris  meeting,  1878,  300. 
Boiler  and  Engine,  Higli-Pressiire,  1877,  132. 
Compressed-Air  Machinery,  1874,  223. 

Filter,  Paper  on  the  Farquhar  Filtering  apparatus,  1881,  145. 
Hydraulic  Machinery,  Workshop,  1874,  181. 
Kules,  1884,  27. 

Secretary,  Vote  to  late,  1878,  28. 
Traction  Engines  in  India,  1879,  530. 
Valves,  Safety,  1877,  185. 

Chapman,  J.  G.,  elected  Member,  1878,  107. 
Presses,  Hydraulic  Packing,  1877,  371. 

Chappe  de  Leonval,  T.  F.,  elected  Member,  1878,  293. 

Chater,  J.,  elected  Member,  1877,  299. 

Chatham  Dry  Docks.    See  Dock  Pumping  Machinerj^  1874,  145. 

Checkley,  T.,  decease,  1881,  11. — Memoir,  2. 

Cheneux,  L.,  Description  of  Blast  Furnaces  and  Collieries  at  Ougree,  1883, 
538. 

Cheknoff,  D.,  Steel,  Paper  (1868)  on  the  Manufacture  of  Steel,  and  the 
mode  of  -working  it,  translated  by  W.  Anderson,  1880,  286.  —  Paper 
(1878)  on  the  Structure  of  Cast-Steel  Ingots,  translated  by  "\Y.  Anderson, 
1880,  152. 

Cheenoff's  Papers  on  Steel,  Eemarks  on,  Paper  by  W.  Anderson,  1880,  225. 
See  Steel. 

Chilcott,  W.  W.,  elected  Member,  1881,  163. 

Childe,  K.,  elected  Member,  1883,  179. 

Chisholm,  J.,  elected  Member,  1877,  71. 

Chocolate  Works,  Menier's,  at  Noisiel,  visit  to,  1878,  550. 

Chuck,  Electro-Magnetic,  Paper  on  Jaques  Oakley  and  Sterne's  Electro- 
Magnetic  Chuck  for  holding  special  work  in  lathes,  &c.,  by  W.  E.  Newton,. 
1875,  38. — Construction  of  chuck,  38. — Grinding  thin  steel  discs,  39. — 
Application  to  bed  of  planing  machine,  40. 

Discussion.  Smith,  W.,  Magnetic  chuck  probably  not  suitable  for  parts 
of  delicate  instruments,  41. — Siemens,  C.  W.,  Electric  connection  from 
battery  by  number  of  touching  points,  41 ;  force  of  attraction  of  electro- 
magnets, 41 . — Kobinson,  J.,  Centering  and  bevelling  edge  of  discs,  42. — 
Cowper,  E.  A.,  Electric  connection  by  brush  of  wires,  43. — Smith,  W., 
Amount  of  adhesion  attainable,  43.— Paget,  A.,  Thin  discs  liable  to  spring 
when  warped,  43. — Siemens,  C  W.,  Force  of  attraction  of  electro-magnet,  44. 

Chvrch,  C.  S.,  elected  Member,  1882,  15. 

Churchward,  G.  D.,  elected  Member,  1880,  310. 

Clrcular  Saw,  Direct-Acting.     See  Saw,  Direct-Acting  Circular,  1875,  126. 
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CntccxAR  Slide  Valve.    See  Yalvc,  Circular  Slide,  1877,  197. 

Clanxy  Safety  Lamp,  1879,  221.     See  Safety  Lamps, 

Clapham,  K.  C,  decease,  1882,  17.— Memoir,  2. 

Claridge,  T.,  Engines,  "Winding,  Direct- Acting,  1875,  241. 

Claek,  D.  K.,  elected  Member,  1878,  558. 

Clark,  J.,  decease,  1877,  2.— Memoir,  IS. 

Clark,  T.,  decease,  1874,  2.— Memoir,  17. 

Clark,  W.,  decease,  1881,  11. — Memoir,  3. 

Clakk,  W.  J.,  Shafting,  Strength  of,  1883,  185. 

Clausius,  R.,  Note  as  to  Theoretical  Loss  in  Expanding  Steam  before  admission, 

1880,  42. 
CLArzEL,  Baron  G.,  Eiveting,  Paper  on  Eiveting,  with  special  reference  to  Ship- 
Work,  1881,  167. 
Clay,  W.,  elected  Member  of  Council,  1874,  2G.— Decease,  1882,  17.— Memoir,  3. 

Eope  Gearing,  1876,  390. 

Water  Supply  from  Chalk,  1876,  170. 
Clayton,  C,  elected  Member,  1875,  314. 
Clayton,  T.  G.,  South-Wales  IMineral  Wagons,  1884,  430. 
Clayton,  W.  W.,  elected  Member,  1882,  254. 
Clench,  F.  McD.,  elected  Graduate,  1883,  310. 
Clench,  G.  McD.,  elected  Graduate,  1881,  409. 
Clerk,  F.  N.,  decease,  1875,  3. — Memoir,  20. 
Cleworth,  C,  decease,  1876,  2. — Memoir,  18. 
Clift,  J.  E.,  decease,  1876,  2. — Memoir,  18. 
Clemkskill,  a.  a.  E.,  elected  Graduate,  1883,  594. 
Closson,  J.  B.  P.,  elected  Member,  1878,  558.— Decease,  1884,  3.— Memoir,  62. 

Disintegrator,  Taper  on  the  Vapart  Disintegrator,  1878,490. — Eemarks,  502. 
Clowes,  E.  A.,  elected  Associate,  1879,  38. 
Coal  and  Iron  Industries  in  Lie'ge  District,  1883,  329.     See  Liege  Iron  and 

Coal  Industries. 
Coal,  Economy  in  use,   1874,   112. — Breakage    in    loading   ships,  means    of 

prevention,  128,  134,  135,  136. — Pulverised  state  more  efficient,  137. — 

Eesults  of  trials,  141.— Shipping  machinery,  119.— Tips  for  discharging^ 

wagons,  125,  127. 
Coaling  Chadle,  Westmacott's,  1884,  229. 
Coal  Mines,  Electricity  for  Working.     See  Electricity  for  Coal  Mining,  1883, 

421. 
Coal-Shipping  Machinery  at  Bute  Docks,  Cardiff,  1874,  119.— 1884,  227.    See 

Docks,  Cardiff. 
CoATES,  J.,  elected  Member,  1882,  254. 
CoATH,  D.  D.,  elected  Member,  1883,  33. 
Cochrane,  B.,  elected  Member,  1881,  409. 
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CocHEAUE,  C,  elected  Member  of  Council,  1874,  26.— 1877,  25.— Vice-President, 

1878,  29.— 1881,  30.— 1884,  21. 
Blast-Fumace  Capacity,  Paper  on  the  Ultimate  Capacity  of  Blast-Fumaces, 

1875,  334.— Eemarks,  357.— Further  do.,  1876,  35. 
Blast-Furnace  Workmg,  Pajjer  on  the  "Working  of  Blast-Fumaces  of  large 

size,  at  high  temperatures   of  blast,  with  special   reference  to  the 

Position  of  the  Tuyeres,  1882,  279.— Eemarks,  298,  304,  314. 
Blast-Fumace  Working,  Paper  on  the  AYorking  of  Blast-Fumaces,  with 

special  reference  ,to  the  Analysis  of  the  Escaping  Gases,  1883,  93. — 

Eemarks,  135,  141,  152. 
Boiler  and  Engine,  High-Pressure,  1877,  140. 
Boiler  Feeder,  Fromentin  Automatic,  1882,  494,  498. 
Boiler,  Lancashire,  1876,  108. 
Brakes,  Effect  of,  upon  railway  trains,  1878,  485. 
Cement,  Portland,  1875,  59. 
Coke  Manufacture,  1883,  288. 
Compressed-Air  Machinery,  1874,  217,  220. 
Condenser,  McCarter,  1876,  310. 
Cultivation  by  Horses,  1880,  550. 
Disintegrator,  Vapart,  1878,  502. 
Diving  Appliances,  1882,  191,  197. 
Electricity  for  Coal  Mining,  1883,  434. 
Engines,  AVinding,  Direct- Acting,  1875,  238. 
Feed- Water  Heater  and  Filter,  1881,  549. 
Friction  Experiments,  1884,  35. 
Gas  Engine,  Atmospheric,  1875,  211. 
Injector,  Automatic,  1884,  178,  186,  187. 
Iron  and  Steel  for  Boilers,  1879,  315. 
Iron  and  Steel,  Physical  condition  of,  1884,  60. 
Jute  Machmery,  1880,  392. 
Lie'ge  Iron  and  Coal  Industries,  1883,  311. 
Locomotive,  Brown's  Tramway,  1880,  75. 
Mines,  Furness  Iron,  1880,  372. 
Nottingham  meeting,  introductory  remarks,  1884,  407.— Eeply  to  Mayor's 

welcome,  408. — Eemarks  on  business  of  lustitutiou,  408-413. 
Portable  Eailways,  1884,  145. 
Puddling,  Mechanical,  1876,  275. 
Eailway  Electric  Signals,  1884,  471. 
Eock-Drill,  Diamond,  1875,  111. 

Eules,  1874,  32.-1876,  31,  349.-1877,  26.— 1880,  34,  36.— 1884,  26. 
Secretary,  appointment,  1884,  78. 
South- Wales  Mineral  Wagons,  1884,  441,  442,  443. 
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COCHBANE,  C.  (contiuuod). 

Steel,  Fluid-Compressed,  and  Guns,  1875,  209, 

Steel  Plant,  Bessemer,  1881,  GiO. 

Testing  Machine,  Single-Lever,  1882,  391. 

Tuyere,  Open  Spray,  1876,  359. 

Ventilator,  Roots'  Mine,  1877,  107. 

Vote  of  thanks  to  Institution  of  Civil  Engineers,  1881:,  27. 

Water  Pressure  Regulators,  1879,  438. 

Zinc  Manufacture  in  Belgium,  1883,  367. 

CoCKEEiLL,  Works  of  the  Society  Cockerill,  visited  at  Summer  Meeting,  Belgium, 
1883,  511,  516.— Description  of  Works,  519.— Collieries,  528. 

COE,  W.  J.,  elected  Member,  1876,  27. 

Cogger,  J.,  AVater  Meters,  1882,  96.  ""- 

Coke,  Paper  on  Improvements  in  the  Manufacture  of  Coke,  by  J.  Jameson,  1883, 
275. — Distillation  of  coal  yields  products  not  originally  contained  in  coal, 
276. — Quick  chstillation  with  extreme  heat,  and  slow  distillation  at  lower 
heat,  276. — Increased  production  of  condensable  matters  from  coal,  278. — 
Relative  heating  power  of  gas  and  of  carbon,  280. — Four  methods  of 
distilling  coal,  281. — Explanation  of  improved  method,  282. — Description 
of  ovens,  284. — Value  of  products  obtained  in  condenser,  286. 

Discussion. — Cochrane,  C,  Leakage  of  air  into  bee-hive  coke-ovens,  288  ; 
economy  of  warming  the  air  before  admission,  288 ;  higher  temperature 
increases  hardness  of  coke,  289 ;  no  saving  in  yield  of  coke  from  new  oven, 
289 ;  value  of  gas  depends  on  demand  for  it,  290 ;  difficulty  of  maintaining 
the  distillation,  290 ;  actual  value  of  products  not  so  high  as  hoped  for, 
290. — Samuelson,  B.,  Carves  process  gives  dense  coke  with  large  saving 
in  yield,  292 ;  saving  of  by-prodiicts  will  diminish  their  value,  293. — 
Bauerman,  H.,  Advantage  of  new  process  as  to  condensable  products,  but 
disadvantage  as  to  coke,  294 ;  use  of  Coppee  and  of  Otto  oven,  295. — 
Nichol,  B.  G.,  Successful  results  of  process  at  Page  Bank,  295 ;  ditto  at 
Felling,  296 ;  explanations  of  difference,  297. — Cowper,  E.  A.,  Economy  of 
burning  part  of  gas  to  heat  oven,  298 ;  distillation  at  low  temperature 
yields  poor  coke,  299 ;  heating  of  air  in  Brodie  Cochrane  oven,  to  produce 
intense  combustion  of  gas,  299. — Jameson,  J.,  No  difference  in  appearance 
from  ordinary  coke,  300 ;  expediency  of  burning  gas  or  coke  to  heat  oven, 
300 ;  value  of  products,  301 ;  quantity  of  products  from  different  coals, 
301 ;  tables  of  results  of  experiments  and  analyses,  302 ;  relative  advantage 
of  Simon-Carves  process,  304 ;  new  process  does  not  take  away  the  jjitch, 
304  ;  large  admission  of  air  necessary  to  get  the  heat  required,  304  ;  mode 
of  sealing  the  oven  bottom,  305. — Westmacott,  P.  G.  B.,  Samples  of  coke 
to  be  sent  for  examination,  305. 
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Coke  Ovexs,  Brodie  Cochrane,  188:%  299;    Coppe'e,  295;   Jameson,  281 ;   Otto, 

295  ;  Simon-Carves,  291.  See  Coke. 
Cold  Air,  Paper  on  Machines  for  producing  Cold  Air,  bj-  T.  B.  Lightfoot,  1881, 
105. — Cooling  of  air  by  successive  compression,  cooling,  and  expansion, 
105.  —  Deposition  of  contained  moisture,  107.  —  Previous  machines  for 
producing  cold  air,  109.— Kii-k's,  109.— Giflfard's,  110.— Windhausen's, 
110.— Bell-Coleman  refrigerator,  111.— Sturgeon's,  113.— Hick  Hargreaves 
and  Co.'s,  113.— Hall's  modified  GiflFard  machine,  114.— Test  experiments, 
115.  —  Hall's  smaller  machine,  115.  —  Dry-air  process  with  double 
expansion,  116. — Hall's  dry  cold-air  machine  with  double  expansion,  118. 
— Application  of  cold-air  machines,  120. — Table  of  air  saturation,  122. — 
Table  of  adiabatic  compression  or  expansion  of  air,  123. — Table  of  cattle 
and  sheep  in  Australasia,  124. 

Discussion. — ^Lightfoot,  T.  B.,  Eesults  of  worldng  of  vertical  diy-air 

machine,    125;     system    applicable    to    compressed-air    engines,    125. — 

Schonheyder,  W.,  Kapid  compression  not  essential  to  generate  heat,  125  ; 

experiments  on  early   Giffard  refrigerator,   125,   126 ;    objection  to  air 

pressure  behind  piston  packing,  126 ;  amount  of  heat  carried  off  by  the 

cooling  water,  127;  system  shown  not  economical,  127. — Gorman,  W.  A., 

Kelative  performance  of  ether  and  moist-air  machines  in  making  ice,  127. 

— Kirk,  A.  C,  Success  of  moist-au-  and  dry-air  machines,  128. — Crampton, 

T.  R.,  Consumption  of  coal  depends  on  kind  of  engines  used,  128. — Joy,  D., 

Distinction  between  engines  for  cooling  air  and  for  making  ice,  128. — 

Gray,  J.  McF.,  Importance  of  simplicity  and  compactness  on  board  ship, 

128;  diagrams  should  show  zero  line  of  pressure,  129. — Williams,  K.  Price, 

Value  of  refrigerators  for  importation  of  food  supply,  129. — Cowper,  E.  A., 

Advantage  of  drying  aii-  by  preliminary  expansion,  130. — Schonheyder,  "W., 

Comparison  between  production  of  ice  and  of  cold  air  in  Siddeley  machine, 

130.— Lightfoot,  T.  B.,  Heat  carried  off  by  the  cooling  water  must  fall 

short  of   that  expended    in  compression,   131 ;     cold-air   machines  not 

intended  for  making  ice,  131.— Cowper,  E.  A.,  Why  is  ice  objectionable  in 

cold-air   machines,   132.— Lightfoot,   T.   B.,   Only  from  freezing   up  of 

passages,  132. — Cowper,  E.  A.,  Increased  demand  for  cold-aii"  machines  for 

preservation  of  meat,  132. 

Cole,  C,  elected  Member,  1884,  79. 

Cole,  G.,  Water  Meters,  1882,  97. 

Cole,  Sir  H.,  Patent  Laws,  1876,  189. 

Cole,  J.  W.,  elected  Member,  1878,  31. 

Stone-Dressing  Machinery,  1881,  144. 
Coles,  H.  J.,  elected  Member,  1878,  31. 
CoLEY,  H.,  elected  Member,  1877,  71. 
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CoLLENETTE,  R.,  elected  Member,  1S84,  198. 

Collieries,  Accidents  at.    See  Acscidents,  Mine,  1877,  314. — Tynewydd  Colliery 

Inundation,  1877,  221. 
Collieries,  Notes  on  Collieries  in  neighbom-hood  of  Lie'ge,  by  E.  P.  Eathboue, 

1883,528. 
Collieries  visited  at  Summer  meeting,  Belgium  ;  Cockerill,  1883,  522,  525,  528. 
— Hasard,  515,  531. — Horloz,  513,  530. — Mariemont  and  Bascoup,  517, 
570.— Marihaye,  513,  530.— Ougre'e,  513,  539. 
Collieries  visited  at  Summer  meeting,  Cardiff,  1884,  357. — Cymmer,  371. — 

Great  Western,  369. — Lewis'  Jilertkyr,  370. — Llwynypia,  372. 
Colliery,  Aberaman,  Aberdare  Valley,  "Waddle  ventilating  fau,  1874,  235, 

Crawsbay's  Castle  Tit,  Troedyrhiew,  large  pumping  and  winding  engines, 

1874,  238. 
Glamorgan  Coal  Co.,  Llwynypia  Colliery,  Ehondda  Valley,  large  winding 

engines  with  conical  drum,  1874,  234. 
Harris'  Navigation  Coal  Co.,  near  Quaker's  Yard,  diamond  rock-drilling 

machine,  1874,  249. 
Lye  Cross,  1876,  332 ;  strata  passed  thiough,  334 ;  engines  and  pit  frames, 

335. 
Nixon's  Merthyr  Vale,  1874,  236  ;   process   of  sinking,   236 ;   iron  pit- 
frames,  and  winding  engines,  236. 
Nixon's  Navigation,  Aberdare  Valley,  winding  engines,  1874,  235. 
Sandwell,  1876,  330  ;  winding  engines  and  pit  frames,  331 ;  hauling  gear, 

332 ;  winding  gear  and  cages,  1882,  377. 
T3niewydd.    See  Tjmewydd  Colliery  Inundation,  1877,  221, 
Wearmouth,  1881,  615,  616. 
Colliery  WiNDUfG  Engines.    See  Engines,  "Winding,  Dii-ect-Acting,  1875,  217. 
Collins,  Hon.  Lord  Provost,  "^'elcome  to  members  at  Summer  meeting,  Glasgow, 

1879,  395. 
CoLOMB,  P.,  Armour,  Construction  of,  1879,  73. 
CoLQCHOUN,  J.,  elected  Member,  1884,  198. 

Vote  of  thanks  to  President  for  Address,  1884,  224. 
CoLTMAN,  J.  C,  elected  Member,  1884,  198. 
CoLYER,  F.,  elected  Member,  1878,  293. 

Lifts,  Hydraulic,  1882,  154. 
CoJiBisG  Machinery  for  "Wool,  1882,  214.     See  "U'ool-Combing. 
Compound   Engines  with  variable   expansion.    See  Expansion  Gear,  Carrey's, 

1878,  504. 
CoMPOUNT)  Locomotives.     See  Locomotives,  Compound,  1879,  328. — 1883,  438. 
Compound  Locomotive,  "Webb's.    See  Locomotives,  Compound.    See  Locomotives, 

Fuel  Consumption,  1884,  82. 
CoMPOUNT)  Pumping  Engines,  1874,  265,  271. 
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Compound  Semi-Poktable  Engine,  Experiments  with,  1879,  351,  352,  363. 

CojiPRESSED-AiE  Engines  for  Tramways,  Paper  on  Compressed-Air  Engines 
for  Tramways,  by  W.  D.  Scott-Moncrieif,  1881,  649. — Principles  determining 
selection  of  motive  power  for  tramways,  649. — DiflSculties  attending 
steam,  651. — Description  of  compressed-air  tramcar,  652. — Construction  of 
cylindrical  air-receivers,  653. — Problem  of  dealing  with  motive  power 
supplied  from  reservoir  of  compressed  air,  654. — Automatic  apparatus  for 
expansion,  656. — Variation  in  dynamical  duration  of  stroke,  and  application 
of  inlet  air-valve,  662. — Arrangement  for  estra  starting  power,  663. — 
Preliminary  heating  of  air,  663. — Board  of  Trade  rides  for  tramways,  664. 
Discussion. — Scott-Moncrieff,  "W.  D.,  Principle  of  discharging  exhaust 
air  at  atmospheric  pressure,  664. — AUan,  G.,  "Weight  of  vehicle,  and 
gi-adient,  665. —  Hughes,  H.,  Eelative  economy  of  steam  and  air  for 
tramways,  665 ;  difficulties  with  steam,  666 ;  shunting  in  streets,  667 ; 
working  during  snow,  667  ;  strong  engine  and  strong  road  required,  668 ; 
electricity  as  motive  power  for  tramways,  668  ;  desirability  of  superseding 
horse  traction,  668 ;  success  of  steam  locomotives  on  Glasgow  tramway, 
669. — Adamson,  D.,  Compressed-air  reservoir  of  mild  steel,  670 ;  advantage 
of  multiple  engine,  670 ;  testing  of  air  reservoir,  671 ;  Beaumont's 
compound  compressed-air  engines  for  high  pressures,  671 ;  advantage  of 
superheating  for  air,  672  ;  economy  of  horse  traction,  steam,  and  compressed 
air,  674. — Bergeron,  C,  Working  of  Beaumont's  engine,  674. — Tomlinson, 
J.,  Trial  of  Beaumont's  six-cylinder  engine  on  Metropolitan  Eailway,  674 ; 
objection  to  compressed-air  engine  from  absence  of  recuperative  power,  675 ; 
need  of  high-pressures  and  of  heated  air,  676. — Walker,  B.,  Successful 
working  of  Kitson's  steam  tramway  locomotive  in  Leeds,  676. — Lynde, 
J.  G.,  Ditto  at  Blackburn,  676.— Scott-JIoncriefF,  W.  D.,  Weight  of  car, 
and  steepness  of  gradient,  676;  weight  is  immaterial  in  combined  car, 
677 ;  falls  of  snow,  677 ;  air  reservoirs,  677  ;  Beaumont's  compound 
engine,  677 ;  practical  question  of  heating  compressed  air,  678 ;  doubtful 
economy  of  compressed  air  on  railways,  679 ;  practical  difficulties  with 
high-pressures,  679. 

CoMPEESSED-AiR  ENGINES  FOR  Tkamways.     See  also  1878,  401. 

CoMiRESSED-AiR  ENGINES.  See  Kock-Drilling  Machinery,  1874,  86.  See 
Compressed-Air  Machinery,  1874,  204. 

CoMPRESSED-AiR  IMachinery,  Paper  on  Compressed-Air  Machinery  for 
Underground  Haulage,  by  AV.  Daniel,  1874,  204.  —  Advantages  of 
compressed  air  for  underground  work,  204. — Losses  from  leakage  and 
small  percentage  of  useful  effect,  205. — Air  compressors  for  Powell 
Duffrj'n  Collieries,  205. — Fixedjengine  for  underground  haulage,  207. — 
Portable  hauling  engine,  207. — Compressed  air  advantageously  substituted 
for  steam,  208. — Losses  attending  employment  of  compressed  air,  208. — 
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Series  of  experiments,  209. — Useful  effect  at  different  pressures,  210. — 
Applicability  of  compressed  air  for  pumping  and  coal  cutting,  213. — 
Tables  of  results  of  experiments,  214. 

Discussion. — ^Daniel,  W.,  Necessity  of  frequent  indicator  diagrams  to 
ascertain  correct  action  of  valves,  216. — Siemens,  C.  "W.,  Losses  attending 
transmission  of  power  by  compressed  air,  217;  mechanical  imperfections  in 
air-compressing  engines,  218 ;  loss  from  rise  of  temperature  in  compression 
of  air,  218;  prevention  of  tbis  loss  by  injecting  cold  water  into  compressing 
cylinder  to  maintain  uniform  temi^erature,  219  ;  perfect  arrangement 
would  be  to  inject  the  same  heated  water  into  expanding  cylinder  to 
restore  the  heat  during  expansion  of  the  air,  219. — Daniel,  V,'.,  Difficidty 
from  ice'in  exhaust  passage  overcome,  220. — Fuih,  W.,  Difficulty  from 
formation  of  ice,  removed  by  enlarging  ports,  220 ;  percentage  of  useful 
effect  with  compressed  air,  220. — Cochrane,  C,  Plan  of  preventing  loss 
from  clearance  at  ends  of  stroke  in  air-compressing  cylinder,  by  supply  of 
water,  220. — Homersham,  C,  Compressed  air  used  for  mixing  lime  and 
water,  221 ;  water  admitted  into  blowing  cylinder,  221. — "Walker,  B., 
Injection  of  water  into  cylinder  inconvenient,  and  not  saving  power  by 
filling  clearance  space,  221 ;  best  construction  of  valves,  222 ;  percentage 
of  useful  effect  less  with  higher  pressures  of  aii-,  223. — Chapman,  H., 
Compressed-air  used  for  coal-cutting,  223.  —  Brotherhood,  P.,  Highly 
compressed  air  used  in  three-cylinder  engine  for  propelling  torpedo,  224. — 
Bramwell,  F.  J.,  ^Maximum  pressure,  224 ;  indicator  diagrams  at  high 
speed,  225. — Cowper,  E.  A.,  Oscillations  in  indicator  diagrams,  225; 
advantage  of  working  expansively,  225 ;  prevention  of  ice  in  exhaust 
passage,  226  ;  air-compressing  cylinder  working  with  water,  226 ;  conical 
valves  for  air-compressing  cylinder,  226 ;  special  position  of  cranks  for 
equalising  power  and  resistance,  227. — Bainbridge,  E.,  Great  cost  and  low 
percentage  of  useful  effect  with  compressed  air,  227 ;  advantage  of 
compressed  air  for  underground  machinery,  228.  —  Crampton,  T.  E., 
Necessity-  for  equalising  top  and  bottom  areas  of  valves  to  prevent  jerk  in 
opening,  228. — Daniel,  W.,  Oscillation  of  pressure  in  indicator  diagram 
caused  by  defect  of  air-valves,  229 ;  objection  to  injection  of  water,  230. — 
Bramwell,  F.  J.,  Comparison  of  air  and  water  for  transmission  of  power, 
230 ;  much  greater  loss  of  power  with  air,  231 ;  increase  of  air  pressure  at 
bottom  of  pit,  231 ;  injection  of  water  into  air-compressing  cylinders,  232; 
means  of  restoring  to  the  expanding  air  the  heat  lost  in  compression,  232. 

Compressed  Steel  and  Gcns,  1875,  268.    See  Steel  and  Guns. 

Compression  of  Steel.    See  Steel  Compression  by  Steam,  18S0,  396. 

Compton-Bracebridge,  J.  E.,  elected  Graduate,  1881,  10. 

Condensation  of  Steam  in  long  pipes,  1874,  270,  276,  279. 
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Condenser,  McCabtee,  Paper  on  the  McGjarter  Condenser  witliout  air-pump 
for  steam  engines,  by  F.  Preston,  1876,  299. — Principle  of  action,  299. — 
Construction,  300. — Successful  application  to  non-condensing  engines,  301. 
— Condenser  can  be  worked  at  liighest  speeds  of  non-condensing  engines, 
302. — Difficulty  of  obtaining  regularity  of  motion  in  engine  with  air-pump, 
302. — Condenser  advantageously  applied  to  coUiery  winding  engines,  303. 
— Calculation  of  steam  expended  compared  with  ordinary  air-pump,  304. — 
Advantage  of  McCarter  condenser,  307. 

Discussion. — Preston,  F.,  The  McCarter  condenser  valuable  for  colliery 
and  pvunping  engines,  308  ;  power  saved  by  not  working  air-pump,  309  ; 
steam  required  for  auxiliary  condenser,  310. — Cochrane,  C,  More  water 
required  than  in  ordinary  condenser,  310. — Olrick,  L.,  Means  of  working 
ordinary  condenser  with  winding  engines  and  marine  engines,  311. — 
Siemens,  C.  W.,  Greater  amount  of  steam  required  to  expel  water  and  au- 
than  with  air-pump,  311. — Bramwell,  F.  J.,  Practicability  of  applying 
ordinary  air-pump  to  winding  engines  and  high-speed  engines,  312 ; 
Morton  ejector  condenser  preferable,  313 ;  blow-through  condenser  used 
extensively  in  Scotland,  313 ;  disadvantage  in  McCarter  condenser,  314. — 
Preston,  F.,  Advaintage  of  McCarter  condenser  for  winding  engines,  315  ; 
advantage  over  ejector  condenser,  316. — Bramwell,  F.  J.,  Ejector  condenser 
with  live  steam  worked  without  head  of  water,  316. — Preston,  F.,  Yacuum 
could  be  made  without  blowing-through,  316. 

CoNDEE,  F.  R.,  Railway  Traffic,  Cost  of.  Paper  on  the  Cost  of  working  different 
descriptions  of  Railway  Traffic,  1878,  184.— Remarks,  210,  211,  213, 
214. 
Railway  "Working,  Economy  of,  1879,  141. 

Co>asTON  Lake,  visited  at  Summer  meeting,  BaiTOW,  1880,  487. 

CoxsTiTUTioN  OF  THE  INSTITUTION,  1878,  41. — Robiusou,  J.,  movcs  resolution 
giving  power  to  Council  to  proceed  to  alter  constitution  of  Institution,  41. 
—  Cowper,  E.  A.,  The  Institution  wiU  be  "  The  Institution  of  Mechanical 
Engineers,"  without  either  "  company  "  or  "  limited,"  42. — Robinson,  J., 
Board  of  Trade  have  refused  a  charter,  42. — Resolution  canied,  43. — 
Robinson,  J.,  Further  announcements  respecting  Constitution,  114,  298, 
557. 

CoNTiNuors  Expansion  in  Locomotives,  1879,  331 ;  in  Marine  Engines,  1879, 
357. 

Continuous  Railway  Brakes.  See  Brakes,  Papers  on,  by  D.  Galton,  1878,  4G7, 
590 ;  1879,  170  ;  G.  Marie',  1879,  157 ;  T.  H.  Riches,  1880,  100 ;  R.  D. 
Sanders,  1878,  67;  W.  P.  Smith,  1882,  500. 

Conversazione  at  Bristol  Summer  meeting,  1877,  296 : — At  Newcastle  Summer 
meeting,  1881,  612  :— At  Leeds  Summer  meeting,  1882,  451 :— At  Cardiff 
Summer  meeting,  1884,  358. 
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CoNTERS,  W.,  elected  Member,  1874,  55. 
CooDE,  Sir  J.,  Gauge,  Eailway,  1875,  83. 

Power  Transmission  by  Eopes,  1874,  74. 

Koek-Drilling  Machinery,  1874,  93. 
Cooke,  J.,  Ventilators  for  Miaes,  Mechanical,  1875,  330. 
Cooke's  Ventilator.    See  Ventilators  for  Mines,  Mechauical,  1875,  317. 
CooKSON,  N.  C,  Lead  Processes,  Paper  on  some  recent  Improvements  in  Lead 

Processes,  1881,  527. — Kemarks,  537. 
Cooper,  A.,  elected  Member,  1877,  299. 
Cooper,  C.  F.,  elected  Member,  1883,  33. 

Cooper,  F.,  elected  Member,  1875,  65. — Decease,  1883,  33. — Memoii-,  15. 
Cooper,  G.,  elected  Member,  1877,  299. 
Cooper,  "W.,  elected  Member,  1874,  27. 
CooTE,  A.,  elected  Member,  1881,  409. 
CoPELA^T),  C.  J.,  elected  Member,  1881,  9. 

Steel  Plant,  Paper  on  Bessemer  Steel  Plant,  with  special  reference  to  the 
Erimus  Works,  1881,  627.— Kemarks,  632,  646. 
Copland,  W.  R.,  Water  Pressure  Regulators,  1879,  442. 
CoPFEB  Works,  Morfa,  Landore,  calcining,  smelting,  and  refining  furnaces,  and 

rolling  mill,  1874,  244. 
Corder,  G.  a.,  elected  3Iember,  1884,  198, 
CoRXES,  C,  elected  Member,  1878,  31. 

CoRXiSH  Beam  Engine.    See  Engines,  Pumping,  Direct-Acting,  1874,  258. 
Correy  Expansion  Gear,  1878,  504.    See  Expansion  Gear,  Correy. 
Corrosion  in  Marine  Boilers,  1884,  331. — Admiralty  practice,  351.    See  Boikr 

Corrosion. 
Corrugating  Press,  Hydraulic,   for  sheet  iron,    1874,   172.      See  Hydraulic 

Machinery,  Workshop. 
CossER,  T.,  elected  Member,  1881,  409. 

Cost  of  Railway  Traffic.     See  Railway  Traffic,  187S,  184.— 1879,  96. 
Cotton,  F.  M.,  elected  Member,  1875,  314. 
Cotton,  H.  S.,  elected  Graduate,  1883,  180. 
Cotton,  J.,  elected  Member,  1884,  1. 

Cotton  Mills,  Ferdinand  Lousbergs,  visited  at  Ghent,  1883,  517,  534, 
Cotton  Presses.    See  Pressure-Intensifying  Apparatus,  1878,  45, 
Cotton  Spinning  Machinery,  Paper  on  recent  improvements  in  t!ie  Machinery 
for  Preparing  and  Spinning  Cotton,  by  E.  Spencsr,  1880,  432. — Opening 

AND  cleaning   MACHINES,  492. — CaRDING  ENGINE,  492.—  CoMBING  MACHINE, 

493. — Drawing  Frame,  494. — Knocking-off  motion,  495. — Stop  motions, 
496. — Endless  clearer  cloth  for  top  rollers,  497. — Slubbing,  intermediate, 
AND  ROVING  FRAMES,  497. — Bobbin  now  leads  in  winding,  instead  of  flyer, 
498. — Improvements  in  flyers,  498. — Lock  motion,  499. — Superior  quality 
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Cotton  Spixntkg  ^Iachixeet  (continued). 

of  work,  501. — Modei-ate  speed  of  spindles  best,  501. — Double-geared 
macbines,  501.— Self-acting  mtle,  501. — Mule  fob  mediem  cocn'ts, 
502. — Governor  motion,  502.  —  Backing-off  motion,  502.  —  Motion  for 
tightening  tbe  backing-off  cliain,  503. — Automatic  nosing  motion,  506. — 
Xose  peg,  508. — Scroll  on  end  of  winding-on  drum,  508. — Mode  of  working, 
510. — Engaging  of  click  and  click-wheel  on  tin-roller  shaft,  511. — Middle 
drawing-out  apparatus,  512. — Connection  between  back  shaft  and  taking- 
in  scroll  shaft,  513.— Cam  shaft  of  head  stock,  513.— Speeds  of  shafts  and 
spindles,  513. — Increase  in  production  and  strength  of  yarn,  514. — Increase 
iu  speed,  belt  and  rope  driving,  515. — Jacking  motion,  515.— Eoller 
delivery  motion,  516. — Mule  for  finest  cootts,  516. — Improved  quadrant 
motion  for  winding,  519.— Faller-lifting  motion,  520.— Unlocking  of  faller, 
521. — Eelative  motions  of  tin  roller  and  faller,  523. — Connection  by  friction 
cones,  523.— Change  of  speed  by  quick  and  slow  belts,  525.— Eing  spinning, 
527. 

Cowper,    E.    A.,   Best  and    latest  information  upon  cotton  spinning 
machinery,  528. — Spencer,  E.,  Assistance  in  preparation  of  paper,  528. 

CoTTOK  SprNTNLXG  WoKKS,  De  Hemptinne's,  visited  at  Ghent,  1883,  517,  565. 

Cottrill,  E.  N.,  elected  Member,  1875,  189. 

CorxciL,  3Iembers  of  : — 

1874,  V. — ^Election,  26. — Nominations  for  1875,  255. 

1875,  v.— Election,  34.— Nominations  for  1876,  313. 

1876,  v.—Election,  26.— Nominations  for  1877,  348. 

1877,  v.—Election,  26.— Nominations  for  1878,  300. 

1878,  V. — Election,  28. — Eetiring  List,  559. — Nominations  for  1879,  559. 

1879,  v.—Election,  36.— Eetiring  List,  584.— Nominations  for  1880,  585. 

1880,  v.—Election,  24.— Eetiring  List,  490.— Nominations  for  1881,  490. 

1881,  v.— Election,  30.— Eetiring  List,  625.— Nominations  for  1882,  625. 

1882,  v.—Election,  32.— Eetiring  List,  476.— Nominations  for  1883,  477. 

1883,  v.—Election,  53.— Eetiring  List,  594.— Nominations  for  1884,  594. 

1884,  v.,  22.— Election,  21.— Eetiring  List,  410.— Nominations  for  1885,  411. 
CorNCiL,   Anneal   Eeport,   1874,    1. — Investment    of   funds,    1. — Number    of 

Members  &c.,  2. — Deceases  in  1873,  2. — Donations  to  Library,  2. — Papers 
read  at  the  meetings,  5.  —  Summer  meeting  in  Cornwall,  6.  —  London 
meeting,  6.  —  Proposal  for  extending  useful  action  of  Institution,  6. — 
Annual  election  of  officers,  7.— Subjects  for  Papers,  7. — Abstract  of  receipts 
and  expenditure,  15. 
1875, 1. — Number  of  Members  &c.,  1. — Investment  of  funds,  2. — Deceases, 
3. — Donations  to  Library,  4. — Papers  read  at  the  meetings,  5.— Summer 
meeting  at  Cardiff,  6.  —  Means  for  extending  useful  action  of  Institution, 
7. — London  meeting,  two  days,  7. — Premiums  for  Papers,  8. — Investigation 
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CorscTL,  AxNUAL  Eeport  (continued). 

fund,  8. — Index  to  Proceedings,  8. — Papers  printed  before  reading,  9. — 
Subjects  for  Papers,  10. — Abstract  of  receipts  and  expenditure,  18. 

1876,  1. — Number  of  Members,  1. — Investment  of  funds,  2.  —  Deceases  of 
Members,  2. — Donations  to  Library,  3. — Papers  read  at  meetings,  5. — 
Meetings  in  year,  6. — Subjects  for  Papers,  8. — Abstract  of  receipts  and 
expenditure,  16. 

1877,  1. — Number  of  Members,  1. — Investment  of  funds,  2. — Deceases  of 
Members,  2.  —  Donations  to  Library,  3.  —  Papers  read  at  meetings,  5. — 
Attendances  at  meetings,  6.  —  Subjects  fur  Papers,  7. — Abstract  of 
receipts  and  expenditure,  15. 

.1878,  19. —  Number  of  Members,  19. —  Kemoval  to  London,  20. —  Pension 
to  late  Secretary,  20. —  Financial  statement,  21. — Deceases  of  Members, 
21. — Donations  to  Library,  22. — Papers  read  at  meetings,  22. — Meetings 
in  year,  23. 

Discussion. — Paget,  A.,  Pension  to  late  Secretary  to  be  refeiTed  back  to 
Council,  27. — Chapman,  H.,  Seconded  motion,  28. — Motion  carried,  28. 

1879,  21. — Number  of  Members,  21.  —  Deceases,  resignations,  &c.,  22. — 
Kegistration  of  the  Institution  as  a  limited  company,  23. — Eeceipts  and 
expenditure,  24,  28. — Proposal  to  expend  money  on  research,  25.  — 
Proposed  transfer  of  Institution  funds  from  trustees,  25. — Donations  to 
Library,  25,  30.  —  Papers  read  at  meetings,  25.  —  Attendances  at 
meetings,  26. 

Discussion. — Eobinson,  J.,  Moves  adoption  of  Eeport,  including  transfer 
of  funds  to  stand  in  name  of  Institution,  3i. 

1880,  10. — Number  of  Members,  10. — Deceases,  resignations,  &c.,  10. — 
Financial  statement,  12,  16,  17. — Eesearch,  12. — ^Donations  to  Library,  13, 
18. — ^List  of  Papers,  13. — Attendances  &c.  at  meetings,  14. 

Discussion. — Eobinson,  J.,  Moves  vote  of  thanks  to  Eesearch  Committees 
and  Eeporters,  23 ;  increased  number  of  papers,  involviDg  increased 
expenditure,  23. — Adamson,  D.,  Eemarks  on  career  of  late  W.  Howe,  23. 

1881,  10.  —  Number  of  Members,  10.  —  Deceases,  resignations,  &c.,  11. — 
Financial  statement,  12,  16-17.  —  Eesearch,  12.  —  Napier  bequest  and 
donations  to  Library,  13,  18-29. — List  of  Papers,  14. — Attendances  &c. 
at  meetings,  14. 

1S82,  16.  —  Number  of  Members,  16.  —  Deceases,  resignations,  &c.,  17. — 
Financial  statement,  18,  22. — Eesearch,  19. — Donations  to  Library,  20, 
24. — List  of  Papers,  20. — Attendances  &c.  at  meetings,  21. 

Discussion. — Cowper,  E.  A.,  Eesults  obtained  by  Eiveting  Committee, 
and  assistance  afforded  to  Eesearch  Committees,  31;  Newcastle 
meeting,  31. 

1883,  35.  —  Number  of  Members,  35.  —  Deceases,  resignations,   &c.,  36. — 
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Financial  statement,  37,  42,  44.  —  Eeseareb,  38. — Donations  to  Library, 

39,  46. — List  of  Papers,  39.  —  Attendances  at  meetings,   40.  —  Summer 

meeting,  40. 
1884,  2. — Number  of  Members,  2.  —  Transferences,  deceases,  3.  —  Decease 

of    Sir    William    Siemens,     3,    8.  —  Eesignations,    &c.,    4.  —  Financial 

statement,  4,  10-13.  —  Proposed    bonorarium  to  Assistant    Secretary,  4. 

—  Piesearcb,   5.  —  Donations    to    Library,    6,   14-19. — List    of  Papers, 

6. — Attendances     at    meetings,     7.  —  Simimcr     meeting    and     Autumn 

meeting,  7. 

Discussion.  —  Adamson,     D.,     Eesolution    respecting    resignation    of 

Secretiuy,  20. — Wise,  W.  L.,  Seconded  resolution,  20.— Carbutt,  E.  H., 

Amendment  referring  Eeport  back  to  Council  with  instructions  respecting 

alterations  in  staff,  20. — Price- Williams,  E.,  Seconded  amendment,  21. — 

Boyd,  W.,  Fui'tber  amendment  to  omit  instructions,  21. — Bennett,  P.  D., 

Seconded  further  amendment,  21. — Further  amendment  negatived,  21. — 

Previous  amendment  carried,  21. — Westmacott,  P.  G.  B.,  Moved  adoption 

of  Eeport  of  Council  subject  to  the  amendment  carried,  21. — Bell,  I.  L., 

Seconded  motion,  21. — Motion  carried,  21. 
CocEOXNE,  M.,  Boiler  Feeder,  Eeport  on  Fromentin  Automatic  Boiler  Feeder, 

1882,  487. 
CouRTXEY,  F.  S.,  elected  Member,  1878,  558. 
CorKTXET,  W.  M.,  elected  Member,  1882,  254. 
CovERrsG,  NoN-COKDUCTiNG,  for  boilers,  1874,  277. 
CoYEEixG,  XoN-coNTDCCTiNG,  for  pipes,  1874,  270,  276,  277. 
Cowan,  H.  J.  F.,  elected  Graduate,  1883,  310. 
Coward,  E.,  elected  Member,  1875,  65. 
CowEX,  E.  S..  elected  Member,  1875,  314. 
CowPER,  C.  E.,  elected  Member,  1880,  310. 

Locomotives,  Fuel  Consumption,  1884,  118. 

Eiveted  Joints,  1881,  280. 

Steam-ship  «  City  of  Eome,"'  ISSO,  357. 

Tramways,  Permanent  Way,  1880,  220. 
CowPER,  E.  A.,  elected  Member  of  CouncU,  1874,  2G. — 1877,  25. — Vice-President, 
1878,  29.— President,  1880,  24.-1881,  30. 

Accidents,  Mine,  Mechanical  Ajipliances  for,  1877,  333,  337. 

Addresses,  Presidential,  1880,  28.— 1880,  312.— 1881,  413. 

Axlebos,  Eadial,  1877,  311. 

Barrow  meeting,  1880,  36. — Eeply  to  Mayor's  welcome,  309. — Address,  312. 

Bath,  Floating  Swimming,  1875,  148,  150. 

Blast-Furnace  Capacity,  1875,  373.— 1876,  34. 

Blast  Furnace  Working,  1882,  310.— 1883, 151. 
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Board  of  Trade  Kegulations,  1S7S,  563. 

Boiler  and  Engine,  High-Pressure,  1877, 147. 

Boiler,  Lancashire,  1876,  88. 

Brakes,  Automatic  Action,  1880,  150. 

Brakes,  Continuous,  for  railway  trains,  1878,  98,  100. 

Brakes,  Effect  of,  upon  railway  trains,  1878,  622.— 1879,  211. 

Bridge,  Erection  of,  over  river  Dal,  1876,  54. 

Cement,  Portland,  1875,  56,  GO. 

Chuck,  Electro-Magnetic,  1875,  43. 

Coke  Manufacture,  1883,  298. 

Cold  Air,  Blachines  for  producing,  1881,  130,  132. 

Compressed-Air  Machinery,  1874,  225. 

Compressed-Air  Engines  for  Tramways,  1881,  609,  675. 

Constitution  of  Institution,  1878,  42. 

Cotton  Spinning  Machinery,  1880,  528. 

Council,  Annual  Eeport,  1882,  31.— 1884,  20. 

Cultivation  by  Horses,  1880,  551. 

Diving  Appliances,  1882,  194. 

Dock,  Victoria  Floating,  1878,  180. 

Docks,  Cardiff,  1874,  135. 

Docks,  Pumping  Machinery,  1874,  157. 

Dredger,  Bazin,  1882,  177. 

Drilling  Machines  for  Boiler  AVork,  1878,  583. 

Dynamometer,  Marine-Engine,  1877,  266. 

Dynamometers,  1876,  229,  238,  242. 

Electi-ic  Lighting,  1879,  254,  264. 

Engines,  Pumping,  Direct-Acting,  1874,  275. 

Expansion,  Variable  Automatic,  1877,  289. 

Feed-Water  Heater  and  Filter,  1881,  545,  548. 

Filter,  Farquhar,  1881,  159. 

Friction,  1883,  657. 

Gas  Engine,  Atmospheric,  1875,  201,  207,  210. 

Gauge,  Kailway,  1875,  77. 

Gauge,  Standard,  for  High  Pressures,  1880,  473. 

Governors,  1879,  415. 

Harvesting  Machinery,  1881,  52. 

High-Pressure  Vessels,  1878,  283. 

Hydraulic  Machinery,  Workshop,  1874,  186,  194. 

Injector  Hydrants,  1879,  391. 

Iron  and  Steel  for  Boilers,  1879,  312,  314,  317. 

Iron  and  Steel,  Physical  condition  of,  1884,  56. 
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L'on,  Homogeneous.  1877,  85. 

Jute  Machinery,  1880,  392,  393. 

Lead  Processes,  1881,  536,  537. 

Leeds  meeting,  1881,  623. 

Library,  ISSO,  186,  311. 

Locomotive,  Brown's  Tramway,  1880,  75. 

Locomotives,  Compound,  1879,  354. 

Locomotives,  Francq's  Fireless,  for  Tramways,  1879,  C35. 

Marine  Engine,  1881,  481,  Note. 

M.I.M.E.,  Use  of  initials,  1880,  311. 

Mines,  Fm-ness  Iron  Mines,  1880,  371. 

Mining  Machinery,  1882,  367. 

Newcastle   meeting,    1881,    32.  —  Reply    to    Mayor's    welcome,    408. — 

Newcastle  and  Leeds  meetings,  623. 
Paper  Mill,  Ogi,  Japan,  1876,  157,  159. 
Patent  Laws,  1875,  166. 
Plate  EoUing  Machinery,  1880,  98. 
Power  Transmission,  1881,  99. 
President,  on  re-election  as,  ISSl,  31.— Addresses,  18S0,  28;  1880,  312; 

1881,  413.     On  nomination  of,  1881,  411.      On  retiring  from  office  of 

President,  1882,  33,  37. 
Presses,  Hydi-aulic  Packing,  1877,  364. 
Pressure-Intensifying  Ajiparatus,  1878,  60. 
Printing  Machinery,  1881,  523,  524. 
Puddling,  Mechanical,  1870,  275,  284. 
Pump,  Helical,  1874,  289,  294. 
EaUway  Traffic,  Cost  of,  1878,  206. 
Eaising  of  wreck  "  Edith,"  1878, 136. 
Eesearch,  1882,  38. 

Eiveted  Joints,  1880,  186.— 1881,  264,  267,  268,  270,  280,  282,  285. 
Eock-DriU,  Diamond,  1875,  112. 
Eock-Drilling  Machinery,  1877,  217. 
Eope  Gearing,  1876,  389,  396. 

Eules,  1874,31.— 1870.30.— 1877,  39.— 1878,  36.— 1879, 585.— 1880,  31,35. 
Safety  Lamps,  1879,  231,  236. 
Screw  Propellers,  1879,  607. 
Secretary,  Vote  to  late,  1878,  111. 
Shafting,  Strength  of,  1883,  211. 
Steam-ship  "  City  of  Eome,"  1880,  358. 
Steel,  Fluid-Compressed,  and  Guns,  1875,  288. 
Steel  Boiler  Experiments,  1878,  255,  257. 
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Steel,  Chernoff's  papers,  1880,  232,  233,  235,  237,  239. 

Steel  Compression  by  Steam,  1880,  402,  413. 

Steel,  Hardening  &c.,  1882,  38. 

Steel  Plant,  Bessemer,  1881,  636,  645. 

Stone-Dressing  Macliinery,  1881,  140. 

Thrashing  Machines,  1881,  390,  405,  406. 

Traction  Engines  in  India,  1879,  522. 

Tramways,  Permanent  Way,  1880,  220. 

Tuyere,  Oj^en  Spray,  1876,  365,  371. 

Tynewydd  Colliery  Inundation,  1877,  227. 

Valve,  Circular  Slide-,  1877,  204,  230. 

Valve-Gear,  Joy's,  1880,  434,  446. 

Valves,  Safety,  1877,  186. 

Ventilators  for  Mines,  Mechanical,  1875,  327. 

Water  Meters,  1882,  82. 

Water  Pressure  Eegulators,  1879,  440. 

Water  Supply  from  Chalk,  1876,  170. 

Watt,  Paper  on  the  Inventions  of  James  Watt,  and  his  Models  preserved 
at  Handsworth  and  South  Kensington,  1883,  599. — Eemarks,  622. 

Wood- Working  Machinery,  1875,  203. 

Wool-Combing  Machinery,  1882,  224,  229. 
CoxHEAD,  F.  C,  elected  Member,  1878,  31. 
Cbadle  fob  Coaling,  Westmacott's,  1884,  229. 
Ckamptox,  G.,  elected  Member,  1883,  593. 

Ckampton,  T.   E.,   elected  Member  of   Council,   1879,   3G.— 1882,   32.— Vice- 
President,  1883,  53. 

Boiler  and  Engine,  High-Pressure,  1877,  137,  139. 

Brake,  Automatic  Screw-Brake,  1882,  514. 

Cold  Air,  Machines  for  jDroducing,  1881,  128. 

Compressed-Air  Machinery,  1874,  228. 

Cutting  of  Metals,  1883,  266. 

Docks,  Cardiff,  1874,  141. 

Dredger,  Bazin,  1882,  113,  114. 

Expansion  Gear,  Automatic,  1SS2,  435,  436. 

Filter,  Farquhar,  1881,  157. 

High-Pressure  Vessels,  1878,  276. 

Injector  Hydrants,  1879,  387. 

Iron  and  Steel  for  Boilers,  1879,  319,  322,  324. 

Iron,  Homogeneous,  1877,  83. 

Locomotive,  Brown's  Tramway,  1880,  69. 

Locomotives,  Compound,  1879,  352,  353,  303 ;  1883,  450,  460. 
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Locomotives,  Francq's  Fireless,  for  Tramways,  1S79,  627,  631. 

Marine  Engine,  1881,  497. 

Patent  Laws,  1876,  181,  185,  195. 

Petroleum  Fuel  in  Locomotives,  188i,  30G. 

Puddling,   Mechanical,  Paper   on   Mechanical    Puddling,   1876,   244. — 
Kemarks,  259,  287. 

Eules,  1880,  34.— 1878,  38. 

Safet}-  Lamps,  1879,  231. 

Silver  Ore  Amalgamation,  1S84,  267. 

Steam-ship  "  City  of  Kome,"  1880,  354. 

Steel  Plant,  Bessemer,  1881,  640. 

Stone-Dressing  Machinery,  1881,  141. 

Tramways,  Permanent  Way,  1880,  212. 

Tunnel,    Channel,    Lecture    on    an    Automatic    Hydraulic    system    for 
Excavatmg  the  Channel  Tunnel,  1882,  440. 

Vote  of  thanks  to  retu-ing  President,  1882,  36. — To  President  for  Address, 
1883,  308. 

Water-Pressure  Mining  Engines,  1880,  261,  262. 
■Ckamptox,  W.,  elected  3Iember,  1876,  57. 
Ckane,  Movable  Hydraulic,  1874,  131,  138.— 1884,  229.     Anti-breakage,  1874, 

128.— 1884,  231.    See  Docks,  Cardiff. 
Cfavk,  patented  in  1781  by  Stead,  1879,  93. 

CuANK  Shafts,  Fokging  of,  1879,  461.     See  Forging  of  Crank  Shafts. 
Ckavex,  J.,  elected  Member,  1882,  254. 
Ckeil,  Escui'sion  to,  at  Paris  Summer  meeting,  and  Piailway  Brake  Experiments, 

1878,  554. 
Cbightox,  J.,  elected  Member,  1884,  1. 
Ceoft,  H.,  elected  Member,  1883,  309. 
CuoHX,  F.  W.,  elected  Member,  1878,  107. 

Locomotives,  Compound,  1879,  357. 
Ckomptos,  E.  E.  B.,  elected  3Iember,  1877,  71. 

Boiler  and  Engine,  High-Pressure,  1877,  149. 

Electric  Lighting,  1880,  277. 

Locomotive,  Brown's  Tramway,  1880,  67. 

Railway  Electric  Signals,  1884,  458. 

Steel  Comi^ression  by  Steam,  1880,  414. 

Traction  Engines  in  India,  Paper  on  the  working  of  Traction  Engines  in 
India,  1879,  494.— Eemarks,  513,  517,  530. 

Tramways,  Mechanical  Traction,  1878,  430,  433. 

Water  Pressure  Eegulators,  1879,  439. 
Crooe,  C.  a.,  elected  Member,  1884,  79. 
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Ckopper,  H.  S.,  elected  Member,  1883,  593. 

Crosby  Indicatoe,  188i,  107. 

Crosland,  J.  F.  L.,  elected  Member,  1881,  1G3. 

Cross,  W.,  elected  Member,  1882,  475. 

Ckossley,  F.  W.,  Gas  Engine,  Faper  ou  Otto  and  Langen's  Atmospheric  Gas 
Engine,  1875, 191.— Eemarks,  211. 

Crossley,  W.  J.,  elected  Member,  1875,  189. 

Crow,  G.,  Marine  Engine,  1881,  484. 

Crowe,  E.,  decease,  1874,  2. — Memoir,  17. 

Cruickshank,  AV.  D.,  elected  Member,  1882,  475. 

Crdmlin  Viaduct,  1874,  250. 

Crushing.  See  Disintegrator,  Vapart,  1878,  490.  See  Silver  Ore  Amalgamation 
1884,  257. 

Cultivation  by  Horses,  Paper  on  Implements  and  INIacbinery  for  Cultivating 
land  by  Horse-Power,  by  W.  R.  Bousfield,  1880,  529. — Eequirements  for 
cultivation  of  land,  529.  —  Implements  employed,  530.  —  Drainage 
implements,  530.— Subsoil  plough,  530.— Mole  plough,  531.— Ploughs, 
general  features,  532.— Share,  534.— Coulter,  535. — Breast,  536.— Section 
of  furrow  slice,  rectangular  or  trapezoidal,  53G. — Inclination  of  furrow 
slice,  530. — Proportions  of  furrow  slice,  537. — Saving  in  time  and  labour 
by  new  proportions,  539.— Length  and  twist  of  breast,  539. — Fundamental 
form  of  breast,  540. — Variations  for  practical  purposes,  542. — Breast  for 
different  depths,  544.  —  Breast  best  for  work  requires  least  draught, 
545. — Plough-frame,  sole-plate,  and  side-plate,  545. — Wheels  for  ploughs, 
546. 

Discussion. — Bousfield,  W.  R.,  Specimens  of  plough  bodies  from  Howard, 
Ransomes  Sims  and  Head,  and  Hornsby,  547. — Adamson,  D.,  Growth  of 
agricultural  implement  works,  549;  means  of  improving  agricultural 
implements,  549. — Cochrane,  C,  Principles  of  ploughing,  550.— Head, 
Jeremiah,  Mole  ploughing  for  drainage,  550  ;  improvements  in  steam 
ploughing,  550;  ploughing  by  lamp-light,  551.— Bousfield,  W.  R.,  Electric 
light  for  ploughing  at  night,  551. — Cowper,  E.  A.,  Ploughing  with  electric 
light,  551 ;  advantage  of  single  wire-rope,  552 ;  cost  and  manufacture 
of  hard-drawn  steel  wire-ropes,  552  ;  deep  ploughing  by  steam  at 
Leicester,  552. 

Gumming,  R.,  elected  Graduate,  1883,  180. 

OuEETON,  B.  J.,  elected  Member,  1884,  1. 

Cdkrent-Meters,  Testing  1884,  190.     See  Testing  Current-Meters. 

CuRRiE  LoNG-PuLL  Magnet,  1884,  445.     See  Railway  Electric  Signals. 

CuKRY,  W.,  elected  Member,  1874,  256. 

Curtis,  R.,  elected  Member,  1875,  314. 

Cuss,  H.  B.,  elected  Member,  1876,  57. 
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CcTTixG  OF  Metals,  Taper  on  some  modem  systems  of  Cutting  Metals,  by 
W.  Ford  Smith,  1883,  226.— Tool-holders  and  cutters,  226.— Swivel  tool- 
holder,  227. — Parting-off  tool-holder  for  capstan-rest  chasing-lathe,  230. — 
Angles  of  cutting  and  of  clearance,  230. — Eequirements  for  cutters,  231. — 
Machines  for  grinding  cutters,  232. — Sheet-steel  angle-gauges,  233. — 
Ke-hardening  of  cutters,  233. — Speed  and  depth  of  cut  with  swivel  tool- 
holder,  234.— Broad-cutting,  235.— Twist-drills,  236.— Angle  for  the 
cutting  lips,  237. — Previous  constructions  of  twist-drills,  238. — Perfection 
of  holes  produced  by  twist-drills,  239. — Angle  of  clearance,  239. — The 
grinding  line,  240. — Machine  for  grinding  twist-drills,  241. — Eesults  of 
working  with  twist-drills,  242. — jMilling,  243. — Making  and.  maintaining 
of  milling  cutters,  245. — Mode  of  setting,  246. — Face-milling  cutters, 
246. — Cylindrical  cutter  with  spiral  teeth,  246. — Other  forms  of  milling 
cutters,  247. — Size  and  material  of  milling  cutters,  248. — Cutting  speed 
in  milling,  248. — Tabular  comparison  of  time  occupied  in  roughing-out 
and  finisbing  with  different  tools,  250-1. 

Discussion. — Smith,  W.  Ford,  Examples  of  work  done  by  milling  and 
by  shaping  machines,  252. — "Wicksteed,  J.  H.,  Point  of  ordinary  drill 
does  not  cut,  253 ;  advantage  of  small  hole  to  start  with,  253 ;  proportion 
of  feed  to  number  of  revolutions,  253 ;  .comparison  of  swivel  tool-bolder 
and  ordinary  slide-rest,  254. — Paget,  A.,  Mode  of  grinding  ordinary  drill, 
255;  diflSculty  arising  from  blunt  point  in  twist-drills,  255. — Anderson, 
W.,  Comparative  finish  produced  by  milling  and  by  shaping,  255. — 
Longwortb,  D.,  Adoption  of  one  cutting  angle  for  both  cast  and  wrought 
iron,  256  ;  value  of  accuracy  in  cutting-edge,  256 ;  dispensing  with  rose- 
bit  in  drilling,  256  ;  emery-wheel  for  sharpening  the  milling  cutters,  256  ; 
milling  of  brass,  257. — Head,  J.,  AVbat  kind  of  steel  employed  for  cutters, 
257  ;  extension  of  milling  in  engineering  work,  258. — Fielding,  J.,  Use 
of  chilled  cast-iron  cutters  for  high  speeds,  258. — Eobinson,  J.,  Previous 
use  of  revolving  cutters,  259  ;  forms  and  construction  of  cutters,  259  ; 
increased  number  of  joints,  260 ;  mode  of  gi-inding  the  cutters,  260 ; 
disadvantage  of  cast-iron  tools,  260. — Fielding,  J.,  Ke-melting  of  old 
cast-iron  tools,  261. — Hulse,  W.  W.,  Limited  use  of  toolholders,  261  ; 
large  cuttings  now  taken  from  lathes,  261 ;  relative  advantages  of  flat 
drills,  of  bar-tools,  and  of  circular  cutters,  262. — Kitson,  J.  H.,  Specimens 
of  work  done  by  large  revolving  cutters,  262  ;  advantage  of  grooved 
milling  cutter  for  roughing,  263. — Westmacott,  P.  G.  B.,  Endurance  of 
milling  tools,  263 ;  advantage  of  grooving  in  cylindrical  milling  cutters, 
264 ;  milling  of  brass,  264 ;  large  heavy  tools  required  for  heavy  work, 
264 ;  tools  of  Mushet  steel,  264 ;  relative  advantages  of  flat  drills  and 
twist-drills,  265. — Paget,  A.,  Hollow  turning  tool  cooled  by  water,  265. — 
Westmacott,  P.  G.  B.,  "Water   not  wanted   with  large  steel  tools,  266; 
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cast-iron  tools  for  hardest  castings,  2G6. — Crampton,  T.  E.,  Advantage  of 
firmness  in  cutting  tools,  2GG. — Smith,  W.  F.,  Modes  of  obviating  thick 
point  of  drill,  266 ;  rate  of  feed,  267 ;  overhang  of  tools  or  holders,  267  ; 
stability  and  cutting  power  of  round  tool-holders,  268;  roughing  out 
heavy  forgings,  268 ;  relative  finish  by  milling  and  by  shaping  or  slotting, 
269 ;  objection  to  adoption  of  two  cutting  angles,  269 ;  use  of  tool-holders 
for  broad-cutting,  269  ;  adjustable  rymer  instead  of  rose-bit,  270 ;  milling 
cutters  for  gun-metal  and  brass,  270 ;  different  qualities  of  cast  steel  for 
cutters,  270;  chilled  cast-iron  tools,  271;  maximum  speed  of  cutting, 
271 ;  re-grinding  of  milling  cutters,  271 ;  special  forms  of  cutting  tools, 
272 ;  general  advantage  of  tool-holder  system,  272 ;  hollow  tool  cooled  by 
water,  272  ;  extensive  applicability  of  tool-holder  system,  272 ;  grooved 
milling  cutter  requires  reduction  of  speed,  272  ;  increased  feed  in  drilling 
with  twist-drills,  273 ;  difiBculty  of  maintaining  proper  angles  in  flat 
driUs,  273 ;  small  cost  of  twist-drills,  273 ;  saving  in  wages  by  tool-holder 
system,  274. 

Ctfarthfa  Irox  Works,  visited  at  Summer  meeting,  Cardiff,  1874,  239. — 1884, 
358,  377-380. 

Cymmeb  Colliery,  visited  at  Summer  meeting,  Cardift',  1884,  357,  371. 
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Dadt,  J.  N.,  elected  Graduate,  1879,  3S. 

Daglish,  G.    H.,   Engines,  Winding,  Direct- Acting,  Paper  on  Direct- Acting 

Winding  Engines  for  Mines,  1875,  217.— Eemarks,  243,  244. 
D'Albeet,  C,  elected  Member,  1SS3,  309. 
Dal  Bridge,  1876,  46.     See  Bridge,  Erection  of. 
Dallesiagne,  J.,  Description  of  the  Sclessin  Iron  Works,  1S83,  535. 
D'Altox,  p.  W.,  elected  Member,  1881,  409. 
Dam,  La  Gileppe  Eeservoir,  1883,  516,  553. 

Daniel,  W.,  Compressed-Air  Machinery,  Faper  on  Compressed-Air  Machinery 
for  Underground  Haulage,  1874,  204.— Remarks,  216,  220,  229. 

Locomotives,  Compound,  1879,  351,  363. 

Ventilators  for  Mines,  Paper  on  Mechanical  Ventilators  for  Mines,  1S75, 
317.— Eemarks,  326,  330. 
Dapples,  E.,  Tunnel,  St.  Gothard,  Letter  on,  1S83,  177. 
Darby,  A.,  decease,  1879,  22. — Memoir,  9. 
Darby,  C.  E.,  memoir,  1884,  400. 
Daelisg,  W.  L.,  elected  Member,  1879,  583. 
Daklixgtox's  Eock  Dpjll,  1874,  79. 
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Darwix,  H.,  elected  Member,  1878,  293. 

Brakes,  Effect  of,  upon  railway  trains,  1S7S,  48G. 

Dynamometers,  1876,  231. 
Daa-ey,  H.,  Accidents,  Mine,  Mechanical  Appliances  for,  1877,  327,  337,  338. 

Brake,  Automatic  Screw-Brake,  1882,  511. 

Centrifugal  Separator,  1882,  525. 

Engines,  Pumping,  Paper  on  Direct- Acting  Pumping  Engines  and  Pumps 
for  high  lifts  in  mines,  1874,  258.— Remarks,  271,  272,  273,  277. 

Engines,  Winding,  Direct- Acting,  1875,  235. 

Friction  Experiments,  1883,  654. 

Hydraulic  Machinery,  Marine,  1874,  47. 

Mining  Slaclnnery,  Paper  on  Mining  Machinery,  1882,  319.— Eemarks, 
3G4,  380. 

Presses,  Hydraulic  Packing,  1877,  366,  367. 

Eailway  Electric  Signals,  1884,  466. 

Steel,  Fluid-Compressed,  and  Guns,  1875,  292. 

Water-Pressure  Mining  Engines,  Paper  on  Water-Pressure  Engines  for 
mining  purposes.  1880.  245.— Eemarks,  257,  261,  262,  263. 

Watt,  Inventions  of  James  Watt,  1883,  628. 
Davidson,  G.,  elected  Member,  1883,  33. 
Davidson,  J.,  elected  Member,  1881,  163. 
Davidson,  J.  Y.,  elected  Member,  1884,  79. 
Daties,  A.  H.,  elected  Member,  1884,  198. 
Davies,  C.  M.,  elected  Member,  1880,  185. 
Davies,  J.,  elected  Member,  1881,  409. 
Davis,  A.,  elected  Member,  1874,  55. 

Lifts,  Hydraulic,  1882,  159. 

Secretary,  appointment,  1884,  77,  78. 

Steel  Compression  by  Steam,  Paper  on  the  Steel  Compressing  arrangements 
at  the  Barrow  Works,  1880,  396.— Eemarks,  415. 
Davis,  J.,  elected  Graduate,  1876,  28. 
Davison,  J.  AV.,  elected  Member,  1877,  71. 
Davison,  E.,  elected  Member,  1881, 1. 
Da-st  Safety  Lamp,  1879,  219.    See  Safety  Lamps. 
Davy,  W.  S.,  elected  Member,  1874,  256. 
Daw,  J.  G.,  elected  Member,  1883,  309. 

Injector,  Automatic,  1884,  181. 
Daw,  S.,  elected  Member,  1874,  101. 
Dawson,  B.,  elected  Member,  1879, 155. 
Dawson,  E.,  elected  Graduate,  1875,  315. 
DawsON,  T.  J.,  elected  Member,  1870,  347. 
Dawson,  W.,  elected  Member,  1877,  71. 


Deacon-,  F.  H.,  elected  Graduate,  1875,  315. 
Deacon,  G.  F.,  elected  Member,  1874,  256. 

Gas-Engine,  Atmospheric,  1875,  208. 

Steel,  Fluid-Compressed,  and  Guns,  1875,  29G. 

Ventilators  for  Mines,  Mechanical,  1875,  328. 
Deacon  Meter,  Testing,  1884,  191,  193.     See  Testing  Curreut-Meters. 
Deacon,  E.  W.,  elected  3Iember,  1880,  489. 
DECArviLLE,  P.,  elected  Member,  1884,  79. 

Portable  Railways,  Faper  on  Portable  Railways,  1884,  126. 
Deakjn,  T.,  elected  Member,  1874,  101. 
Dean,  F.  W.,  elected  Member,  1883,  593. 
Dean-Pitt,  Lieut.  S.,  Diving  experiences  in  connection  with  H.M.S.  "  Dotcrel," 

1882,  198,  201. 

De  Bergue,  C,  decease,  1874,  2. — 3Iemoir,  18. 

Dees,  J.,  decease,  1876,  3. — Memoir,  19. 

Dees,  J.  G.,  elected  Member,  1877,  71. 

De  Hejjptinne's  Cotton  Spinning   "Works,  visited  at  the  Belgian  Summer 

meeting,  1883,  517. — Description,  565. 
De  Laveleye,  E.,  Honorary  Local  Secretary  for  Lie'ge,  1883,  313. 

Liege  Iron  and  Coal  Industries,  Faper  on  the  Historj-  of  the  Iron  and  Coal 

Industries  in  the  Lie'ge  district,  1883,  329. 
Delebecque,  Lartigue,  and  Banderali's  railway  brake  apparatus.  1878,  554. 
Denison,  S.,  elected  Member,  1882,  254. 
Dennis,  W.  F.,  elected  Member,  1883,  309. 
Den-NT,  W.,  elected  Member,  1882,  15. 

Ships,  Iron  and  Steel  for,  1881,  558,  579. 
De  Pape,  W.  a.  H.,  elected  Member,  1880,  185. 
Depbez,  J.,  Val  St.  Lambert  Glass  "Works,  1S83,  544. 
Derham,  J.  J.,  decease,  1884,  3. 

De  Sincat,  St.  P.,  Address  of  welcome  to  members  visiting  Vieille  Montagne 
Zinc  Works,  1883,  514. 

Zinc,  Paper  on  the  Manufacture  of  Zinc  in  Belgium,  1883.  345. 
De  Wael,  L.,  Mayor  of  Antwerp,  Welcome  to  members  at  Belgian  meeting, 

1883,  313. 

Diamond  Rock-Drill.    See  Eock-Drill,  Diamond,  1875,  92.    See  also  1874,  249. 

DiAiiON-D  Works,  Antwerp,  visited  at  Belgian  meeting,  1883,  517,  561. 

Dick,  F.  W.,  elected  Member,  1883,  309. 

Dick,  G.  G.,  elected  Member,  1882,  254. 

Dickinson's  Boiler  Drilling  and  Turning  Machine,  1S7S,  571,  575,  576,  577. 

Dickinson,  J.,  elected  Member,  1S89,  9. 

Dickinson,  W.,  elected  Member,  1875,  65. 

Dickson,  J.,  elected  Member,  1879,  397. 


U  D. 

Differential  Pumpixg  Engines,  1874,  270. — Compound,  260,  2G2,  271.  See 
Engines,  Pumping,  Direct- Acting. 

Diplomas  of  Membership  in  Institution,  1878,  43,  114,  562. 

DiRECT-AcTixG  CiRCULAPi  Saw,  1875,  126.     See  Saw,  Circular,  Direct-Acting. 

DiEECT-AcTixG  PuiiPiN-G  ExGiXES,  1874,  258.  See  Engines,  Pumping,  Direct- 
Acting. 

DiKECT-AcTiNG  Wixr>iN-G  ExGiNES,  1875,  217.  See  Engines,  Winding,  Direct- 
Acting. 

DisiXTEGKATOR,  Yapart,  raper  on  the  Vapart  Disintegrator,  by  P.  Closson, 
1878,  490. — Different  modes  of  disintegrating  materials,  490. — Description 
of  Vapart  disintegrator,  491. — Practical  details  of  construction,  491. — 
Special  form  for  agricultural  purposes,  493. — Methodical  distiibution  of 
materia],  494. — Kesults  of  Vapart  disintegrator  in  various  cases,  496.^- 
Principles  of  Vapart  disintegrator,  497. — Table  of  calculated  values  for 
two  sizes  of  disintegrator,  501. 

Discussion. — Cochrane,  C,  Wliat  is  economy  of  working  as  compared 
with  edge  runners,  502. — Closson,  P.,  Advantages  of  disintegrator  over 
edge  runners,  502. — Ellington,  E.  B.,  Vapart  disintegrator  as  used  in 
London,  502. — Piobinson,  J.,  Machinery  will  be  everywhere  substituted  for 
hand  labom-,  503. 

Dissociation  of  oxygen  and  carbon  at  high  temperatures  in  steel-melting,  1875,300- 

DrviNG  Appliances,  Paper  on  Appliances  for  Working  under  Water  or  in 
IiTespii-able  Gases,  by  W.  A.  Gorman,  1882,  179. — History  of  diving,  179. 
— Smeaton's  diving  bell,  181. — Kleingert's  di-ess,  181. — Eenuie's  diving 
bell,  182. — Siebe's  open  diving  dress,  182. — Siebe's  close  diving  dress,  183. 
—  Modem  apparatus,  18S.  —  Air-compressing  pump,  183. — Table  of 
corresponding  depths  and  pressures,  184. — Air-distributing  arrangement, 
185. — Helmet,  185. — Waterproof  dress,  186. — Experience  in  working,  186. 
— Fleuss  apparatus  for  working  in  irrespirable  gases,  187. — Electric  light 
and  telephone  for  divers,  189. 

Discussion. — Gorman,  W.  A.,  Eecent  use  of  Fleuss  apparatus,  189. — 
Fleuss,  H.  A.,  Description  of  breathing  apparatus,  190 ;  construction  of 
carbonic-acid  filter,  101. — Head,  J.,  Enquires  composition  of  air  in  bag, 
191. — Fleuss,  H.  A.,  Atmospheric  air  with  less  oxygen,  191. — Cochrane,  C, 
Prompt  repair  by  diver  at  colliery,  191. — Halpin,  D.,  Milling  of  knobs 
fixing  glass  shield  in  helmet,  192. — Hawksley,  C,  Eepair  of  pump  in  well 
by  diver,  192;  diving  operations  in  Lowestoft  liarbom-,  192;  diving  bell 
at  Barbadoes,  193. — Gorman,  W.  A.,  Model  of  Barbadoes  diving  bell,  193 ; 
electric  lamp  for  use  uuder  water,  194. — Cowper,  E.  A.,  Use  of  electric 
light  for  fishing,  194. — Halpin,  D.,  Ejection  of  paraffin  keeps  fish  away 
from  lamp,  194. — Marten,  E.  B.,  Use  of  diving  apparatus  for  liberating 
lifts  in  colliery  shafts,   195. — Hawksley,  C,  Division  of  water-ballast 
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chamber  in  diving  bell  to  prevent  canting,  195.  —  Fleuss,  H.  A. 
Description  of  oxy-bydrogen  lamp  for  use  in  dangerous  gases,  195 ;  saving 
of  life  by  use  of  apparatus,  197. — Cochrane,  C,  How  can  breathing 
api^aratus  be  promptly  charged  with  oxygen,  197.  —  Fleuss,  H.  A., 
Describes  mode  of  charging,  &c.,  197. — Head,  J.,  Cost  of  breathing  apparatus 
and  lamp,  19S. — Fleuss,  H.  A.,  Particulars  of  cost,  198 ;  training  of  men, 
198.— Westmacott,  P.  G.  B.,  Introduces  Lieut.  Dean-Pitt,  198.— Dean-Pitt, 
S.,  Diving  operations  at  Doterel  wreck,  198 ;  strength  and  efficiency  of 
apparatus,  200 ;  submarine  electric  light  aud  telephone,  200. — Anderson, 
TV.,  Temperature  inside  diving  dress,  and  degree  of  light  in  deep  water, 
201. — Dean-Pitt,  S.,  Temperature  very  high  when  at  work,  201 ;  diver 
can  see  to  7  or  S  feet,  201. — Gorman,  W.  A.,  Milling  of  knobs  for 
eye-glass,  201 ;  short  segment-screw  not  desirable,  201 ;  divers  prefer 
working  without  artificial  light,  202  ;  air-lock  diving  bell  with  water-ballast 
chamber,  202 ;  training  of  divers,  and  value  of  results,  202  ;  submarine 
telephone,  203. 

Dixox  AND  BcPvNe's  LniESToxE  Pit,  187G,  338. 

Dixox,  J.,  elected  Graduate,  1884,  2. 

Dixon,  S.,  elected  Member,  1883,  593. 

DoBSON,  B.,  decease,  1875,  3. — Memoir,  20. 

Dock  and  Hakboub  Works,  visited  at  Glasgow  meeting;  Greenock,  1879,  579. 

Dock,  Victoeia  Floating,  Paper  on  a  Floating  Dock  upon  an  improved  system, 
at  the  Victoria  graving  docks,  by  C.  El  win,  1878,  139. — Description  of 
ship-lifting  appliances  at  Victoria  graving  docks,  139. — Old  process  of 
docking,  140. — Object  of  new  floating  dock,  141. — Description  of  floating 
dock,  141. — Dimensions,  142.— Process  of  lifting  ships  on  the  dock,  143. — 
Principal  requirements  as  met  by  dock,  1 44.  —  Construction  of  cross 
girders,  145. — Main  girders,  147. — Closed  end  of  dock,  148. — Gate  end, 
149. — Gates,  150. — Crane,  151. — Pumi^iiig  engines,  152. — BUge-blocks, 
152. — Arrangement  for  building  and  launching  of  dock,  153. — Weight  of 
dock,  154. — Appendix  of  calculations,  155. — Calculation  of  stresses  on 
flanges  of  main  girders  when  dock  is  afloat,  155. — Ditto  when  dock  is  on 
lift,  163. — Stresses  on  flanges  of  cross  girders,  169. — Stresses  on  cross 
gu-der  at  gate  end  of  dock,  172. 

Discussion. — Bramwell,  F.  J.,  What  is  maximum  weight  of  ship,  and 
what  proportion  of  that  weight  is  carried  by  hydi'aulic  lift,  175  ;  capacity 
of  lift  materially  increased  by  new  system,  175. — Elwin,  C,  Power  of  lift, 
176. — Bramwell,  F.  J.,  Would  lift  dock  be  preferable  to  floating  dock 
in  case  of  entkely  new  work,  176. — Halpin,  D.,  Conditions  imposed  in 
designing  the  floating  dock,  177 ;  crane  for  lifting  propellers,  178 ; 
schemes  considered  for  building  the  floating  dock,  178. — Bramwell,  F.  J., 
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Construction  of  St.  Thomas  floating  clock,  179 ;  3Iiers'  plan  of  movable 
coflferdam  for  removing  scie\v-proi)eller,  179. — Boyd,  AV.,  Floating  dock 
for  Bermuda,  constructed  on  the  Tyne,  180. — Markham,  C,  Difficulty  of 
fixing  bilge-blocks  to  secure  a  ship  on  tlie  dock,  180. — Cowper,  E.  A., 
Higli-sided  floating  dock  would  do  work  of  hydraulic  presses,  181. — • 
Halpiu,  D.,  High-sided  dock  would  have  involved  much  greater  expense, 
181. — Bramwell,  F.  J.,  Would  combined  system  be  recommended  elsewhere, 
instead  of  independent  floating  dock,  182. — Halpin,  D.,  Would  certainly 
not  adopt  combined  system  except  under  special  conditions  described  in 
paper,  182. — Elwin,  C,  No  difficulty  in  fixing  ship  securely  on  floating 
dock  by  bilge-blocks,  182. — Eobinson,  J.,  Value  of  such  contrivances  in 
keeping  off"  war,  182. 

Docks,  Antwerp,  1883,  494,  516,  557. — Ghent,  517,  5G6. 

Docks,  Avonmouth,  1877,  297. 

Docks,  Barrow-in-Fcrnt:ss,  Paper  on  the  Docks  and  Railway  Approaches  at 
Barrow-in-Furness,  by  F.  C.  Stileman,  1880,  324. — Development  of 
Furness  Eailways,  and  of  iron  ore  traffic,  324. — Growth  of  Barrow  harbour 
and  docks,  325. — Devonshu-e  and  Buccleuch  docks,  325. — Eamsden  and 
Cavendish  docks,  326. — Masonry  and  concrete,  326. — Steam  navvy,  327. — 
Basin  and  dock  gates,  327. — Eailway  and  roa?l  approaches,  328. — Buccleuch 
dock  bridge,  328. — Hydraulic  machinery,  328. — Barrow  harbour,  329. 

Diecussion. — Ormiston,  T.,  Graving  dock,  why  outside  the  dock  entrance, 
329  ;  inner  lock  cill,  why  raised,  330  ;  dock  entrance,  why  so  wide,  330  ; 
silting  in  outside  channel,  330. — Strype,  W.  G.,  Construction  of  quay  walls 
by  pouring  concrete  in  situ  very  advantageous,  330. — Eennie,  G.  B., 
Why  three  difi"erent  sections  of  dock  wall,  331 ;  cost  of  excavating  by 
steam  navvy  as  compared  with  hand  labour,  331. — Eamsden,  Sir  J., 
Graving  dock  placed  outside  for  economy,  331 ;  advantages  of  wide 
entrance  to  docks,  332  ;  absence  of  silting,  333  ;  scorn-  of  tide,  333  ;  water 
level  in  docks,  and  height  of  inner  lock  cill,  333. — Stileman,  F.,  Difierent 
sections  of  dock  wall,  333 ;  cost  of  excavating  by  steam  navvy,  334  ; 
pouring  concrete  down  tubes,  and  depositing  it  by  buckets,  334  ;  di'edgiug, 
334 ;  spring  girders  of  Buccleuch  dock  bridge,  335. 

Docks,  Cardiff,  Paper  on  the  Bute  Docks,  Cardifi",  and  the  Mechanical 
Appliances  for  shipping  Coal,  by  J.  McConnochie,  1874, 119. — Description 
of  the  docks,  119. — New  basin,  121.— Lock  gates,  122. — Trade  carried  on, 
123. — Coal  tips  for  shipping  coal,  124. — Balance  tips,  125. — Armstrong's 
Iiydraulic  tips,  126. — Anti-breakage  crane  for  reducing  loss  of  coal  by 
breakage,  128. — Comparison  of  balance  and  hydraulic  tijjs,  129. — Hj^draulic 
liauliug  engine,  130. — Portable  hydraulic  crane  for  discharging  cargoes, 
131. — Motive  power  for  workiDg  hydraulic  machinery,  132. 
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Discussion. — Westmacott,  P.  G.  B.,  Fii-st  application  of  coal-sliipping 
machinery,  133 ;  endless-chain  system  for  hauling  wagons,  133. — Newton, 
W.  E.,  Price's  plan  for  trimming  coal  in  ship's  hold  by  a  distributing  cone, 
loi. — Williams,  K.  P.,  PlimsoU's  plan  for  preventing  breakage  of  coal  by 
series  of  inclined  planes,  134. — C'owper,  E.  A.,  Arrangement  for  keeping 
a  vessel  upright  after  ballast  is  taken  out,  135;  advantage  of  hydraulic 
machinery,  136 ;  arrangement  for  examination  of  machinery  by  turning 
over,  136  ;  shipping  coal  by  a  movable  telescopic  tube  to  prevent  breakage, 
136 ;  arrangement  for  trimming  coal  &c.,  136. —  Head,  J.,  Coal  more 
efficient  in  a  pulverised  than  in  a  solid  state,  137 ;  ballast  from  ships 
depositing  on  foreshore,  138 ;  steam  cranes  preferable  to  portable  hydraulic 
crane,  138. — Tweddell,  K.  H.,  Hemp  packing  for  hydraulic  machinery 
better  than  leather,  both  as  inside  and  outside  packing,  138. — ^Walker,  B., 
Leather  packing  better  than  hemp,  and  causes  less  frictiou,  with  clean  water, 
139 ;  leather  lacking  soon  worn  out  with  dirty  water,  110. — Homersham, 
S.  C,  With  clean  water  metallic  packing  superior  to  either  leather  or  hemp, 
140. — Walker,  B.,  Metallic  packing  requires  extreme  cleanliness,  140. — 
•Crampton,  T.  R.,  Economy  of  using  coal  in  a  pulverised  state,  141 ;  results  of 
trials,  141. — McConnochie,  J.,  Breakage  of  coal  caused  by  crushing  in  shoots 
and  in  trimming,  not  by  falling  into  ship's  hold,  143 ;  breakage  much 
reduced  by  trimming  with  barrows,  143 ;  baoms  for  keeping  the  vessels  steady 
and  upright  when  ballast  is  out,  143 ;  hydraulic  hauling  engine  modification 
of  capstan  engine,  144 ;  cost  of  shipping  coal  by  hydraulic  tips,  144. 

Docks,  Caediff,  Paper  on  recent  extensions  bf  Dock  Accommodation  and  Coal- 
Shipping  Machinery  at  the  Bute  Docks,  Curdifi",  by  J.  McConnochie,  1884, 
227. — Eoath  Dock,  227. — Coal-shipping  machinery,  228;  movable  hydraulic- 
crane,  229 ;  Westmacott's  coaling  cradle,  229 ;  anti-breakage  crane,  231  ; 
tips  for  shipping  coal,  231. — Trade  at  Bute  docks,  232. — Railways,  232. — 
Sidings,  232. — Graving  docks,  233: — Public  graving  dock,  233;  caisson, 
233 ;  centrifugal  pumps,  234 ;  lift  pumps,  235. — Hills'  graving  docks, 
■.235-6. — Cardiff  Junction  graving  dock,  236 ;  caissons,  237 ;  centrifugal 
pumps,  237 ;  bucket  pumps,  237. — Mountstuart  graving  docks,  238. — Bute 
graving  dock.  238.— Gridiron,  239. 

Discussion. — Walker,  B.,  Invention  of  movable  hydraulic  crane,  239 ; 
first  cost  of  crane  less  when  portable  than  when  fixed,  239 ;  ingenious 
anti-breakage  arrangement,  240 ;  further  room  for  improvement  iu  coal- 
shipping  machinery,  240. — Tomlinson,  J.,  Increase  of  coal-shipping, 
240;  invention  and  introduction  of  movable  hydraulic  crane,  241. — 
McConnochie,  J.,  Origination  of  movable  hydraulic  crane,  211. 

Docks,  Det,  Chatham,  1874,  145. — Piio  de  Janeii-o,  1874,  156. 

Docks,  Gkavixg,  1884,  233-233 ;  360,  362,  363,  393,  394. 
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Docks,  Penarth,  1874,  162,-1884,  357,  3G7-9. 

Docks,  Pujiping  Machinery,  Paper  on  tlie  Pumping  Machinery  for  emptying- 
the  Dry  Docks  at  Chatham,  and  at  Piio  de  Janeiro,  by  G.  B.  Rennie,  1874, 
145. — Difficult  navigation  of  Medway  at  Chatham,  146. — ^Description  of 
new  dry  docks,  146. — Pumping  machinery  for  emptying  docks,  147. — 
Arrangement  of  centrifugal  pumps,  148. — Results  of  experimental  pumps, 
150. — Water  discharged  in  emptying  docks,  151. — Trials  of  working  of 
pumps,  152. — Engines  for  driving  centrifugal  pumps,  154. — Sluices,  155. 
— Dry  docks  at  Rio  de  Janeiro,  156. 

Discussion — Rennie,  G.  B.,  Measure  of  the  friction  of  water  in  culverts, 
157. — Cowper,  E.  A.,  Proper  curve  for  the  arms  of  centrifugal  pump,  157. 
— Rennie,  G.  B.,  Collar  bearings  on  pump  shaft,  158  ;  sluices  with  wood 
face  bearing  against  granite  face,  158 ;  grooves  for  sluices  easily  cleaned 
out,  158 ;  consumption  of  fuel  by  pumping  engine,  measurement  by  water 
from  surface  condenser,  159. — Bramwell,  F.  J.,  Percentage  of  useful  efiect 
with  centrifugal  pumps,  161 ;  best  arrangement  when  working  is  not 
continuous,  161. 

Docks,  Sunderland,  visited  at  Summer  meeting,  Newcastle,  1881,  615-618. 

Docks,  visited  at  Summer  meeting,  Cardifi",  1884,  356.  Penarth,  857,  367-9. 
Alexandra,  Newport,  359,  392-4. 

DoDD,  J.,  elected  Member,  1880,  310. 

DoDSON,  E.,  elected  Associate,  1882,  16.— Decease,  1884,  3.— Memou-,  62. 

Donald,  J.,  elected  Member,  1880,  489. 

Donaldson,  J.,  elected  Member,  1876,  27. 

Donation  to  Library  of  Institution  of  Civil  Engineers,  1878,  215. 

Donations  to  Library.     See  Library. 

Donnelly,  J.,  elected  Member,  1884,  198. 

DossoE,  A.  L.,  elected  Member,  1877,  71. — Decease,  1882,  17. — Memoir,  5. 

DoTEREL,  Diving  operations  at  wreck  of  H.M.S.  "  Doterel,"  1882,  198. 

Douglass,  J.  N.,  elected  Member,  1879,  37. 

Douglass,  W.,  elected  Member,  1879,  38. 

DouLTON,  B.,  elected  Member,  1879,  583. 

DowLAis  Ikon  Works,  Blast  furnace,' large  regenerative  liot-blast  stoves,  Siemens- 
Martin  steel  works,  and  steel  rail  mill,  1874,  239.— Visited  at  Summer 
meeting,  Cardiff,  1884,  358,  374-377. 

Downing,  S.,  decease,  1883,  36. — Memoir,  16. 

DowsoN,  J.  E.,  elected  Member,  1881,  409. 

Doxford,  R.  p.,  elected  Member,  1880,  489. 

Dredge,  J.,  elected  Member,  1874,  101. 

Dredger,  Paper  on  tlie  construction  and  working  of  a  Yertical-action  Steam 
Dredger  in  India,  by  R.  B.  Buckley,  1879,  534. — Descrix-ition  of  Fouracres 
dredger,   534.  —  Mode   of   working,   537.  —  Results    of   working,  539.  — 
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Dredgeb  (continued). 

Advantages  for  -working  in  rough  -water,  54:2. — Ditto  in  tidal  -waters,  543. 
— Particulars  of  work  done,  54:3. — Comparative  performances  of  various 
dredgers  in  Bengal,  544. — Small  cost  of  repairs  -with  Fouracres  dredger, 
545. — Cost  of  dredging  in  England,  546. — Design  for  large  dredger,  547. 
— Appendix,  Particulars  of  working  -with  Fouracres  dredger,  550-551. — 
Table  of  dredging  done  by  different  machines  in  Bengal,  552-553. 

Discussion.  —  Buckley,  K.  B.,  Wear  of  parts  of  bucket,  554;  cost  of 
dredging  on  Thames,  554. — Appleby,  C.  J.,  Advantage  of  hemispherical 
form  of  scoop  over  semi-cylindrical,  554 ;  Bruce's  excavator  with 
hemispherical  scoop,  as  used  in  Plymouth  harbour,  555  ;  use  of  BuU's  and 
Bruce's  excavators  in  India,  557. — Thomson,  J.,  Dredging  plant  much 
needed  in  Demarara,  557. — Brown,  A.,  Field  for  Fouracres  dredger,  557; 
cost  and  amount  of  work  done  by  improved  ladder  dredgers,  558. — 
Easton,  J.  M.,  Use  of  Bull's  excavators  in  sinking  wells,  559. — Buckley, 
E.  B.,  Hemispherical  bucket  acts  entirely  by  weight,  559 ;  advantage  of 
large  size  for  such  buckets,  559  ;  special  feature  of  Fouracres  dredger  is 
the  spear,  5G0 ;  suitability  for  dredging  in  Demarara,  5G0 ;  "  spider" 
used  at  Eavi  bridge,  561 ;  large  ckedgers  could  be  made  on  this  system, 
561 ;  advantages  and  principle  of  Fouracres  dredger,  562. — Eobinson,  J., 
Tables  useful  in  comparing  work  done,  562. 
Dredger,  Bazix,  Paper  on  the  Bazin  system  of  Dredging,  by  A.  A.  Langley, 
1882,  100.  —  Construction  of  Bazin  dredger,  100. — Applications,  101. — 
Experience  in  working,  102. — Chief  difficulties,  and  mode  of  remedying, 
103.— Cost  of  working,  104. 

Discussion. — Langley,  A,  A.,  Advantage  of  diinng  pump  through  belt, 
105;  use  of  dredger  to  pump  water,  105;  comparison  of  Bazin  dredger 
with  bucket  dredger,  106. — Skerrett,  C.  P.,  Previous  use  of  bucket 
dredgers  at  Lowestoft,  106 ;  particulars  of  working  of  Bazin  dredger,  106  ; 
iopper  barges,  107  ;  construction  of  fan,  107;  cost  of  dredger  barge,  108; 
dredging  of  pockets  in  Lowestoft  harbour,  108;  use  of  dredger  as 
centrifugal  pump,  108. — Ball,  C,  Difterence  between  original  Bazin 
dredger  and  present  Ball  dredger,  109 ;  practical  improvements  in  Ball 
dredger,  109;  arrangement  for  placing  pump  above  water  level,  110; 
delivery  of  spoil  through  long  pipes,  111;  forked  suction  pipe,  112; 
price  of  dredgers,  112  ;  advantage  of  BaU  dredger  for  shallow  water, 
113. — Crampton,  T.  E.,  Enquires  length  of  pipe  through  which  the 
spoil  can  be  delivered,  113. — Ball,  C,  Longest  distance  600  yards, 
113 ;  spiral  rib  in  delivery  pipe  for  prevention  of  settling,  114. — 
Crampton,  T.  E.,  Minimum  velocity  of  delivery  to  prevent  settling,  114. — 
Ball,  C,  Eelation  between  length  of  delivery  pipe  and  power  required, 
114. — Langley,  A.  A.,  Proportion  of  water  to  sand,  and  to  clay,  115. — 
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Deedgee,  Bazix  (continued). 

Westmacott,  P.  G.  B.,  Form  of  fan  blades,  and  amount  of  clearance,  115. — 
Langley,  A.  A.,  Clearance  and  eccentricity  of  blades,  115. — Hawksley,  C.,. 
Facility  of  dredging  out  pockets,  116;  settlement  of  dredged  mud  in 
barges,  116. — Langley,  A.  A.,  Longitudinal  boards  to  facilitate  settlement, 
116. — Hawksley,  C,  Transverse  arrangement  preferable,  116.— Langley,. 
A.  A.,  Complication  in  using  many  barges,  116. — Cowper,  E.  A.,  Dr.  Potts'" 
I^lan  of  excavating  by  vacuum,  117. — Anderson,  "W.,  Note  on  dredging  by 
centrifugal  pumps  at  Chatham  Dockyard  and  Amsterdam  Canal,  117. 

DiULL,  Diamond.    See  Kock-Drill,  Diamond,  1875,  92.    See  tdso  1874,  2-49. 

Deilled  Eivet  Holes,  advantages  of,  1876,  71,  96,  97, 110. 

Drilling.     See  Steel  Boiler  Experiments,  1878,  222, 229.    See  Drilling  Machines^ 

DiiiLLiNG  Machines  for  Boilee  Work,  Paper  on  Drilling  Machines  used  for 
boiler  work,  by  W.  S.  Hall,  1878,  565. — Two  classes  of  drilling  machines, 
for  drilling  in  the  shoi^,  or  in  place,  565. — Multiple  drilling  machines,. 
565. — Hutchinson's  multiple  drill,  565. — Group  of  drill  spindles  carried 
on  sliding  saddle,  566. — Buckton  and  Wicksteed's  multiple  drill,  566. — 
Adjustment  of  distance  between  drills  by  screws  of  varying  pitch,  567.— 
Welch's  adjustment  of  distance  by  hollow  screw,  567. — Buckton's  machine 
for  drilling  iu  circular  arc,  567. — Jordan's  machine  for  drilling  anil 
tui-uing  flanged  ends,  568.  —  Drilling  of  tube-plates,  569.  —  McKay's- 
hydraulic  equilibrium  tool,  569. — Modification  for  boring  conical  holes,. 
569. — Tool  for  cutting  out  large  holes  for  ^flues,  &c.,  569. — Adamsou's. 
machine  for  drilling  boiler  shells,  570. — Allan's  ditto,  570.^ — Kennedy's 
ditto,  571. — Dickinson's  boiler  drilling  and  turning  macliine,  571. — Jordan's- 
ditto,  571. — Hall's  portable  inside-drilling  machine,  572. — Brown's  portable- 
steam  drill,  573.^Thorne's  portable  drilling  machine,  573. — "Stow"' 
flexible  shaft,  574.  —  Kelative  duty  performed  by  four  shell-drilling 
machines,  575. — Eelative  advantages  of  the  four  machines,  576. 

Discussion. — Hall,  W.  S.,  Improvements  in  Dickinson's  and  Jordan's- 
machines,  577 ;  Scriven's  radial  multiple  drill,  577. — Wickstced,  J.  H., 
Proportion  of  work  done  to  number  of  drills,  578 ;  advantages  of  screw  as 
against  lever  feed-motion,  578. — Welch,  E.  J.  C,  Improved  adjusting  gear 
for  distance  of  drills,  579 ;  twist-drills  rarely  break,  579  ;  boiler  plates  should 
be  drilled  flat,  and  holes  rimered  out,  580 ;  inside-drilling  machine,  580. — 
Hetherington,  T.  E.,  Machines  for  drilling  cylinders  of  carding  engines^ 
581. — Eichardson,  W.,  Early  form  of  multiple  drill  for  carding  engines,  581  ; 
objections  to  drilling  of  boiler  plates  before  bending,  582. — Head,  Jeremiah,. 
Objections  to  drilling  before  bending  in  case  of  ship  plates,  582. — Cowper,. 
E.  A.,  Enquires  fir&t  cost  of  Hall's  machine,  583. — Williams,  E.  Price,. 
Drilling  is  now  superior  to  punching  even  in  economy,  583. — Paget,  A.,. 
Distress  from  bending  is  less  in  ship  plates  than  in  boiler  plates,  583. — 
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Adamson,  D.,  Internal  drilling  is  not  the  best  system,  584 ;  apparent 
advantage  of  twelve  drills  in  multiple  drill,  584 ;  has  gradually  abandoned 
punching  completely  for  boilers,  584  ;  multiple  drill  for  boiler  work  is  a 
misapplication,  585  ;  better  to  work  with  a  single  drill,  using  several 
machines,  585  ;  drilling  boilers  from  inside  is  open  to  question,  586 ;  injury 
done  by  bending  after  punching,  586  ;  dictation  of  Boiler  Associations  is 
as  objectionable  as  that  of  Board  of  Trade,  587 ;  injury  done  by  punching 
is  not  always  repaired  by  annealing,  587. — Piatt,  J.,  DifBculty  of  suiiporting 
plate  firmly  in  drilling  after  bending,  588. — Hall,  W.  S.,  "With  Lis  own 
machine,  man  remains  always  inside  the  boiler,  588 ;  cannot  give  selling 
price,  588. — Robinson,  J.,  Whole  question  is  treated  with  utmost  impartiality 
in  the  paper,  588 ;  importance  of  drilling  after  bending,  not  before,  589. 
Drilling  LIachines  for  Eock,  Diamond.  See  Rock  Drill,  Diamond,  1875,  92, 
See  also  1874,  249. 

Drilling  Machlntss  for  Rock,  Percussive.    See  Eock  Drilling  Machinery,  1874. 
77.— 1877,  206.     ^ee  also  1875,  103,  109,  111,  113. 

Druitt,  T.,  elected  Treasurer,  1878,  560. 

Dedms  fob  Winding  Engines,  1875,  223,  237,  241. 

Drury,  E.  F.,  elected  Associate,  1882,  14G. 

Dubs,  C.  E.,  elected  Member,  1877,  71. 

Dubs,  H.,  decease,  1877,  2. — Memoir,  18. 

DiJBS,  H.  J.  S.,  elected  Member,  1877,  71. 

DucKHAM,  F.  E.,  elected  Member,  1880,  310. 

DuCKHAM,  H.,  elected  ^lember,  1881,  9. 

Dudley  Port  Limestone  Pit,  1876,  338, 

Duesbekg-Delrez,  Wool-Card  Manufactory,  visited  at  Belgian  meeting,  1883, 
516.— Note  on  Works,  552. 

DuGARD,  W.  H.,  Steel,  Hardening  &c.,  1882,  146. 

Duncan.  D.  J.  E.,  elected  IMember,  1879,  397. 

DuNLOP,  D.  J.,  Governor,  Paper  on  the  Pneumatic  Marine  Governor,  1879, 406. — 
Eemarks,  415,  419. 

DuNLOP,  J.  M.,  decease,  1879,  22. — Memoir,  9. 

Dunn,  H.  W.,  elected  Member,  1881,  624. 

Dunn,  T.  E.,  decease,  1879,  22.— Memoir,  10. 

DuRHA-M,  F,  W.,  Governor,  Vaper  on  the  "  Velometer" -Governor,  1879,  410. — 
Eemarks,  415,  421. 

Durie,  J.,  elected  Member,  1875,  314. 

Eope  Gearing,  Paper  on  Eope  Gearing  for  the  Transmission  of  large  Power 
in  mills  and  factories,  1876,  372.— Eemarks,  382,  398. 

Dust-Fuel,  Furnace  for.     See  Puddling,  Mechanical,  1876,  244.    See  also  1874, 
137,  141 ;  and  1877,  84. 
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Dyeing  and  Laxtndry  Wokks,  Cardiff,  18S4,  366. 

Dynamite,  use  in  mining  operations,  1874,  So,  91,  93 ;  in  submarine  blasting, 
1875,  104,  106,  108. 

DvNAiio-ELECTBic  MACHINES.    /See  Elcctric  Lighting. 

Dynamometer,  Marine-Engine,  Paper  on  a  new  Dynamometer  for  measuring 
the  power  delivered  to  the  Screws  of  large  ships,  by  "\V.  Froude,  F.R.S., 
1877,  237.— Friction  brake  involved  such  gi-eat  difficulties  as  induced  the 
writer  to  seek  some  ire.sh  modus  operandi,  237. — Principle  of  the  new 
turbine  dynamometer,  238. — Nature  of  current-growth  established  in  the 
instrument,  240. — Manner  in  which  the  currents  produce  the  dynamometric 
reaction,  241. — Adequate  amount  of  reaction  can  be  produced  by  an 
instrument  of  convenient  size,  243. — Same  instrument  can  be  adjusted  to 
deal  with  different  powers,  244.— Details  of  application  to  any  given  ship, 
245. — An-angement  of  dynamometric  apparatus,  247. — Manner  of  dealing 
with  heat  developed  in  the  insh-ument,  250. — Advantages  of  thus  measuring 
the  power  actually  transmitted  by  marine  engines,  251. 

Appendix  explanatory  of  the  dynamical  principles  of  the  turbine 
dynamometer,  252. — Conception  of  water  spaces  as  occupied  by  a  series  of 
pipes  through  which  streams  flow,  252. — Conditions  established  at  the 
region  of  transference,  254. — Determination  of  the  external  and  internal 
forces  exerted  by  any  stream,  256.— Means  of  obtaining  an  equation  for 
the  total  force-moment  of  the  machine,  259. 

Discussion. — Froude,  "W.,  Illustrations  of  power  of  cuiTcnt-growth  in 
dynamometer  cells,  261 ;  if  there  were  no  frictional  resistances  to  water, 
the  power-absorbing  capabilities  of  dynamometer  might  become  infinite, 
262. — Hawksley,  T.,  Application  might  be  extended  to  number  of 
dynamometrical  uses,  263. — Brotherhood,  P.,  Apparatus  would  form 
admirable  marine-engine  governor,  263. — Rich,  AV.  E.,  Heating  of  water 
within  instrument  in  absorbing  power,  264 ;  means  of  making  the 
instrument  self-governing,  264 ;  form  of  dynamometer  spring,  264. — 
Hawksley,  C,  Means  of  cooling  water  in  dynamometer,  265. — Cowper, 
E.  A.,  Moat  ingenious  apparatus  for  absorbing  as  much  power  as  possible, 
266;  would  make  an  excellent  governor,  266;  long  flat  spring,  tapering 
in  thickness  as  well  as  in  width,  is  the  most  scientific,  267 ;  admirable 
instrument  for  ascertaining  exact  power  exerted  at  end  of  screw  shaft, 
267. — Hartnell,  W.,  Friction  of  new  engine  greatly  in  excess  of  friction 
after  running  short  time,  267. — Paget,  A.,  Water  passing  through 
instrument  should  be  measured,  268. — Hawksley,  T.,  Exact  balance  of 
force  and  resistance  in  dynamometer  results  in  great  precision  of 
measurement,  268. — Froude,  \V.,  Means  of  changing  water,  for  carrying 
off  developed  heat,  268  ;  expulsion  of  air  from  the  water  used,  270 ; 
objection  to  any  automatic  governing  apparatus,  271 ;  form  of  dynamometer 
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Dynamometer,  MABixE-EyorsT:  (continued). 

spring,  272  ;  tendency  to  "  hunt "  in  Siemens'  governor,  273  ;  dynamometer 
very  useful  for  determining  friction  of  engines,  not  previously  ascertained, 
274. 

Dyxamometers,  Paper  on  Dynamometers,  Friction  Brakes,  and  other  testing 
apparatus  belonging  to  the  Royal  Agricultural  Society  of  England,  by 
W.  E.  Eich,  1876,  199. — Great  improvements  in  agricultural  machinery 
and  portable  engines  due  to  trials  made  by  E.  A.  Society,  199. — Marine 
engines  should  be  tried  in  the  same  manner,  200.— -Most  important 
instruments  belonging  to  E.  A.  Society,  200. — Traction  dynamometers, 
spring  links,  200. — Difficulty  of  obtaiuing  accurate  reading  of  mean 
draught,  200.  —  Plough  dynamometer,  construction,  201.  —  Mode  of 
calculation,  203. — Best  way  of  testing  springs,  204. — Calculation  of 
correction  for  springs,  205. — Correction  for  friction  and  slackness  of 
joints,  206. — Testing  draught  of  ploughs,  &c.,  207. — Two  equal  runs  in 
opposite  directions  to  be  taken  when  testing,  207. — Diagrams  giving 
maximum  strains  tend  to  hinder  experiments,  although  sometimes  useful, 
208. — Defects  to  be  avoided  in  integrating  dynamometer,  208. — Horse 
dynamometer  for  testing  wheeled  vehitdes  with  shafts,  209. — Principle 
of  working,  210. —  Construction,  211.  —  Integrating  and  registering 
apparatus,  213. — Testing  of  mowing  and  reaping  machines,  214. — Friction 
brake  dynamometer,  215. — Simplicity  of  instrument  and  accuracy  in 
testing,  215. — Description  of  100  H.P.  friction  brake,  215. — Pendulum 
lever  to  maintain  uniform  frictional  resistance,  216.  —  Rotary  hand 
dynamometer,  description,  219.  —  Mode  of  application,  221.  —  Large 
rotary  dynamometers,  222. — Description  of  20  H.P.  rotary  dynamometer, 
222. — 50  H.P.  dynamometer,  225. — Early  dynamometer  designs,  226. 

Discussion.  —  Bramwell,  F.  J.,  Simple  mode  of  constructing  an 
approximate  dynamometer,  227;  improvement  in  integrating  apparatus 
by  getting  rid  of  rubbing  motion  of  disc,  228. — Cowper,  E.  A.,  Thomson's 
integrating  apparatus  very  good,  although  not  quite  perfect,  229  ;  Ernst's 
better  for  taking  up  the  motion,  229. — Paget,  A.,  Advantage  of  ball 
apparatus  over  small  integrating  wheel,  230. — Darwin,  H.,  Principle  of 
proposed  dead-weight  rotary  dynamometer  obviating  the  use  of  springs, 
231 ;  description  of  dj-namometer,  232  ;  advantages,  233. — Carbutt,  E.  H., 
Good  dynamometer  required  for  railway  purposes,  234. — Rich,  TT.  E., 
Description  of  large  traction  dynamometer  for  Indian  State  Railways, 
235. — AveUng,  T.,  Great  advantage  in  use  of  friction  brake  dynamometers 
for  agricultural  engines,  235. — Maw,  W.  H.,  Correct  action  of  dynamometer 
depends  upon  mode  of  coupling  the  ends  of  brake  strap  to  pendulum 
lever,  236 ;  rim  of  brake  wheel  better  flat  than  convex,  237 ;  maximum 
power  absorbed  by  brake,  237 ;  tension  of  strap  varies  with  each  kind  of 
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lubrication,  238.  —  Cowper,  E.  A.,  Slight  error  in  lever  of  brake 
dynamometer,  238. — Adams,  T.,  Action  of  springs  of  varying  design,  238. 
— Eich,  W.  E.,  Peculiar  angle  at  bottom  of  pendulum  levers  in  Appold 
friction  brake,  239 ;  maximum  power  absorbed  by  brake  without  undue 
heating,  239 ;  relative  advantages  of  different  forms  of  springs,  239. — 
Hawksley,  T.,  Friction  brakes  do  not  give  accurate  results,  241  ; 
iilnstratiou  of  reason,  241 ;  suggestion  of  practical  test,  241. — Bramwell, 
F.  J.,  Friction  brake  does  not  give  absolute  certainty  in  results,  242. 
— Cowper,  E.  A.,  Not  stand-still  friction,  but  running  friction  recorded 
by  brake,  242.  — Hawksley,  T.,  Weight  to  be  tested  should  attain 
uniform  motion  before  bringing  into  play  effect  of  vibration,  243.  — 
Paget,  A.,  Institution  as  a  body  should  make  experiments  on  accuracy  of 
friction  brake,  243. 

Dynamometer,  1879,  241,  256,  259,  262,  263,  590. 
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Eager,  J.  E.,  elected  Member,  1880,  9. 

Eames  Brake  on  New  York  elevated  railways,  1879,  208. 

Eassie,  p.  B.,  decease,  1876,  3.— Memoir,  20. 

Easton  and  Anderson,  Beams,  Experiments  to  ascertain  the  Strength  of  Cast- 
iron  Beams  for  Beam-engines,  1882,  531. 
Flanging  Steel  Plates,   Experiments  on  Flanging  Steel  Plates  cold  by 
Hydraulic  Pressure,  1882,  528. 

Easton,  E.,  elected  Member  of  Council,  1875,  34.— 1877,  25.— ISSO,  24. 
Bath,  Floating  Swimming,  1875,  153. 

Water  Supply  from  Chalk,  Paper  on  the  Yield  of  Wells  sunk  in  the  Chalk 
in  the  central  jjortion  of  the  London  basin,  1876,  1C3. — Kcmarks,  169, 
174. 

Easton,  J.  M.,  Dredger,  Veitical-action,  1879,  559. 

Eastwood,  C,  elected  Member,  1884,  408. 

Eastwood,  J.,  decease,  1875,  3. — Memoir,  21. 

Eaves,  W.,  elected  Member,  1875,  189. 

Ebbw  A^ale  Iron  Works,  visited  at  Summer  meeting,  Cardiff,  1884, 359,  386-392. 

Eokart,  W.  R.,  elected  Member,  1878,  31. 

Economy  of  Railway  Working,  1879,  96.    See  Railway  Working. 

Edjiiston,  J.  B.,  elected  Member,  1883,  593. 

Edmunds,  H.,  vote  of  thanks  for  services  as  Treasurer,  1878,  5C0. 

Edwards,  F.,  elected  Member,  1877,  165. 

Edwards,  R.,  elected  Member,  1880,  9. 
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EjEcrroB,  Air,  1877,  332. 

Ejector,  Water,  1874,  292 ;  1877,  319,  336. 

Election,   Council,   1874,   26.— 1875,  34.  -  1876,   26.-1877,  25.— 1878,   28.— 
1879,  36.— 1880,  24.— 1881,  30.— 1882,  32.— 1883,  53.— 1884,  21.] 
Members,  1874,  27,  55,  101,  256.— 1875,  35,  65,  189,  313.-1876,  27,  57, 
107,  347.-1877,  26,  71,  165,  299.— 1878,  30,  107,  293,  558.-1879,  37, 
155,  397,  583.— 1880,  9,  185,  310,  489.-1881,  9,  1C3,  408,  624.— 1882, 
15,  145,  254,  475.— 1883,  33,  179,  309,  593.-1884,  1,  79, 198,  408. 
Secretary,  W.  E.  Browne,  1878,  29.— A.  Bache,  1884,  78. 
Treasiu-er,  T.  Dniitt,  1878,  560. 

Electric  Apparatus  for  Eailway  Brakes,  automatic,  1878,  554. 

Electricity  for  Coal  Mixing,  Paper  on  the  Application  of  Electricity  to  the 
Working  of  Coal  Mines,  by  A.  C.  Bagot,  1883,  421.— Electric  signalling  in 
mines,  421. — Wires,  422. — Batteries,  423. — Electric  signalling  at  Cannock 
and  Kugeley  Collieries,  424. — Engine-plane  signals,  426. — Electric 
recording  anemometer,  427. — Telephone  for  pnmp-valves,  427. — Surface 
illumination  by  electric  light,  428. — Underground  ditto,  428. — Advantages 
of  safety-lamps,  429. —  Electricity  for  underground  haulage,  430.  — 
Eecapitulation,  430. 

Discussion. — Tresca,  H.,  Electrical  transmission  of  power  in  France, 
432  ;  sources  of  loss  of  power,  432  ;  useful  efiect,  433  ;  electrical  haulage, 
434. — Cochrane,  C,  Electric  lighting  for  tunnels,  434 ;  winding  by  dial- 
indicator,  434. — Hedges,  K.  W.,  Electric  lamp  for  underground  working, 
435 ;  underground^  haulage  by  electricify,  435. — Bagot,  A.  C,  Electric 
lamp  does  not  indicate  presence  of  gas,  436;  distance-indicator  for 
winding,  436 ;  compressed-air  more  applicable  undeigroimd  than  electricity, 
436  ;  advantage  of  electric  signalling,  4o7. 

Electric  Lighting,  Paper  on  Lighting  by  means  of  Electricity,  by  H.  Fontaine, 
1878,  529. — Increase  in  use,  of  electric  light,  529. — Electric  light  wiU  not 
interfere  with  gas  or  candle  light,  530. — Four  points  for  consideration. 
530. — Various  forms  of  electric  machines  used,  530. — Advantages  and 
dimensions  of  Gramme  machine,  530. — Illuminating  power  under  diflerent 
circumstances,  531. — Choice  of  machine  does  not  depend  solely  upon  bidk 
and  driving  power,  532. — Small  proportion  of  cost  of  motive  power  to 
whole  cost,  532. — Great  importance  of  cheapness  and  durability,  533. — 
Comparative  cost  of  electric  light  and  of  gas  at  M.  Manchon's  works, 
Eouen,  534. — Eeport  on  electric  liglit  at  these  -works,  by  M.  Delahaye, 
535. — Cost  and  capabilities  of  Gramme  machine,  536. — Carbon  rods,  537. 
— Eegulators,  538. — Conducting  wires,  538. — Description  of  Jablochkoff 
candle,  538. 

Discussion. — Shoolbred,  J.  N.,  Gramme  machine  has  advantage  of 
being  very  versatile,  540 ;  objections  to  Jablochkolf  candles,  540;  perfect 
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steadiness  has  not  yet  been  obtained  by  Jablochkoff  candles,  541 ;  length 
of  carbons  in  Siemens  lamp,  542 ;  photometric  measurements  show  that 
the  best  arrangement  of  carbon  points  has  not  yet  been  determined,  542 ; 
Lontin  system  appears  successful  in  Paris,  543. — Powell,  T.,  Eesults  of 
■working  with  Gramme  machine,  543  ;  length  of  carbons,  543. — Eobinson, 
J.,  Eegrets  absence  of  Dr.  Siemens,  544. 

Electeic  Lighting,  First  Paper  on  Electric  Lighting,  by  J.  Hopkinson,  Juu., 
1879,  238. — Object  to  ascertain  what  various  dynamo-electric  machines  can 
do,  and  what  power  they  absorb,  238. — Eelation  between  electro-motive 
force  and  current  must  be  known  in  each  case,  239. — Experiments  on  a 
Siemens  machine  ;  aj^paratus  emplo)'ed,  240, — Determination  of  resistances, 
244. — Method  of  calculation,  245. — Eesults,  as  shown  by  curve,  246. — 
Comparison  with  other  results,  247. — Explanation  on  Weber's  theory,  248. 
Discussion. — Hopkinson,  J.,  Explanation  of  point  of  inflection  in  curve, 
250. — Preece,  W.  H.,  Electricity  a  new  subject  for  engineers,  250 ; 
importance  of  investigating  electric  currents,  251 ;  efficiency  of  machines 
might  still  be  improved,  252  ;  speed  of  working  is  function  of  machine 
only,  252  ;  small  proportion  of  energy  of  machine  reappears  as  light,  253  ; 
author's  method  of  measuring  currents  is  the  correct  one,  253. — Eayleigh, 
Lord,  Cause  of  curve  deviating  from  straight  line,  254. — Cowper,  E.  A., 
Peculiarity  in  curve  due  to  diii'erence  between  rising  and  falling  currents, 
254 ;  laminated  magnets  should  be  used,  thereby  lessening  residuary 
magnetism,  255.— Adams,  W.  G.,  Another  way  of  representing  the  curve, 
256 ;  analogy  between  flow  of  water,  electricity,  and  heat,  257. — 
Olrick,  L.,  Engines  ordered  by  Government  for  driving  electric  machines, 
258. — Kennedy,  A.  B.  W.,  How  far  can  dynamometer  be  trusted,  259. — 
Hopkinson,  J.,  Curve  agrees  with  Weber's  theory  of  induced  magnetism, 
260  ;  effect  of  residual  magnetism,  200  ;  advantage  of  laminated  magnets, 
2G0 ;  reasons  for  preferring  his  own  way  of  representing  the  curve,  261 ; 
accuracy  of  dynamometer,  262  ;  another  form  of  dynamometer,  designed 
by  Mr.  Parsons,  263. — Cowper,  E.  A.,  Magnets  might  be  magnetised  by 
a  separate  machine,  264. — Hopkinson,  J.,  That  would  introduce  another 
variable,  264. — Eobinson,  J.,  Electricity  has  been  studied  by  engineers 
long  ago,  264. 

Electkio  Lighting,  Second  Paper  on  Electric  Lighting,  by  J.  Hopkinson,  Jun., 
1880,  266. — Author's  experiments  with  Siemens  dynamo-electric  machine, 
266.  —  "  Critical  current,"  267.  —  German  experiments  with  Gramme 
machine,  267. — Dr.  Siemens'  and  author's  experiments  with  Siemens 
machines,  267-8. — Time  required  to  develop  current  in  Gramme  machine, 
269. — Brightness  of  electric  arc,  2G9.— Intensity  dift'erent  in  different 
directions,   269. —  Comparison   with   standard   candle   and  lamp,   270. — 
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Photometer  for  powerful  liglits,  270. — Efficiency  of  electric  arc,  272. — 
Occasional  instability  of  electi-ic  liglit,  273. — Use  of  shunt  electro-magnet, 
273. — Measurement  of  horse-power  developed  in  electric  arc,  274. 

Discussion. — Shoolbred,  J.  N.,  Experiments  at  Silvertown  with  Gramme 
machine,  274-6 ;  inconvenience  of  photometric  methods  hitherto  used, 
277 ;  measurement  of  horse-power  in  electric  arc,  277  ;  increased  regularity 
by  division  of  current,  277. — Crompton,  E.  E.  B.,  Advantages  of  long  and 
short  electric  arcs,  277  ;  regulation  of  lamps  for  getting  stability  of  light. 
278 ;  new  photometer  for  practical  measurements,  279 ;  measurement  of 
lights  of  different  colour,  280 ;  burniog  of  regulating  lamps  in  series, 
280. — Preece,  W.  H.,  Shadow  photometer  independent  of  colour,  280 ; 
difficulty  from  want  of  uniformity  in  human  eye,  281. — Perry,  J.,  Concave 
lens  compared  with  convex  for  photometer,  282  ;  adaptation  of  photometer 
for  all  directions  of  light,  282. — Hedges,  K.,  Objectionable  colour  can  be 
neutralised  by  mixture  in  carbons,  282. — Hopkinson,  J.,  Inflection  in  Mr. 
Graj-'s  curve  due  to  error  of  observation,  283 ;  electrical  resistance  in  German 
experiments,  283 ;  critical  current,  283 ;  explanation  of  rule  for  horse- 
power in  electric  arc,  283 ;  comparison  of  Gramme  and  Siemens  machines, 
283 ;  trouble  with  electric  lights  is  largely  due  to  bad  governing  of  engines, 
284 ;  adaptation  of  photometer  to  lights  at  different  angles,  284 ; 
comparison  of  electric  light  and  standard  candle  in  respect  of  colour.  285  ; 
shadow  photometer  not  enthely  independent  of  colour,  285  ;  advanta^-e  of 
convex  lens  in  preference  to  concave,  285. 

Electric  Lighting  of  Binningham  Town  Hall,  at  Autumn  meeting,  1883,  597, 598. 

Electric  Lighting  at  Menier's  Chocolate  Works,  1878,  553. 

Electrogen,  Hannay's,  1884,  335,  342,  348,  35G.     See  Boiler  Corrosion. 

Electro-Magnetic  Chuck,  1875,  38.     See  Chuck,  Electro-Magnetic. 

Electro-Magnets,  Application  of  Electro-Magnets  to  the  working  of  Railway 
Signals  and  Points,  1884,  444.     See  Eadway  Electric  Signals. 

Ellacott,  E.  H.,  elected  Member,  1879,  38. 

Ellington,  E.  B.,  elected  Member,  1875,  65. 

Boiler  and  Engine,  High-Pressure,  1877,  14G. 

Disintegrator,  Vapart,  1878,  502. 

Gauge,  Standard,  for  High  Pressures,  1880,  474. 

Hydraulic  Machinery,  Toulon,  1878,  383. 

Lifts,  Paper  on  Hydraulic  Lifts  for  passengers  and  goods,  1882,  119. — 

Remarks,  167,  176. 
Power  Transmission,  1881,  99. 
Pressure-Intensifying  Apparatus,  1878,  59. 
Pump,  Greindl  Rotary,  1878,  4G4,  465. 
Water-Power  Engines,  1879,  490. 
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Elliott,  H.  J.,  elected  Member,  1S83,  593. 

Elliott,  T.  G.,  elected  Member,  1S82,  254. 

Elliott,  T.  M.,  elected  Member,  1877,  165. 

Ellis,  O.  W.,  elected  Member,  1880,  489. 

Els-rtck:  Exgixe  asb  Oedxaxce  Wokks,  visited  at  Newcastle  meeting,  1881,  597. 

Elytell,  T.,  decease,  1881, 11. — Memoir,  4. 
Expansion  Gear,  Correv,  1878,  523. 

Elwell,  T.,  Jcn".,  elected  Member,  1875,  314. 

Elwln",  C,  elected  Member,  1 878,  558. 

Dock,  Victoria  Floating.  Famr  on  a  Floating  Dock  upon  an  improved 
system  at  the  Victoria  graving  docks,  1878,  189. — Eemarks,  176,  182. 

ExGiXE  AXD  BoiLEE,  High-Peessuee  1877,  117.  See  Boiler  and  Engine,  High- 
Pressure. 

ExGiXE,  Beothekhoods  Theee-Gtlest)er,  1874, 173, 183, 184, 224 ;  1875, 126, 130. 

ExGiXE  Bea:sis,  Experiments  on  Strength  of,  1882,  531.     See  Beams. 

Exgeseebixg  axd  Shipbltldixg  Woeks,  visited  at  Newcastle  meeting,  1881, 
595,  610,  615. 

ExGDfEEELS'G  IX  Leeds,  Paper  on  the  History  of  Engineering  in  Leeds,  by 
A.  H.  Meysey-Thompson,  1882,  266. — Early  history  to  eighteenth  century, 
266. — ^Matthew  Murray's  inventions  in  flax  machinery,  267. — "Wesley  and 
Lawson's  screw  gill,  267. — MuiTay's  mill  engines,  268. — Invention  of 
double-cylinder  engine,  D  slide-valve,  &c.,  268.  —  Blenkinsop  and 
Killingworth  locomotives,  268. — Date-chart  of  commencement  of  Leeds 
trades,  269. — Textile  machinery,  269. — Locomotive  and  marine  engines, 
269. — Heavy  engineering  tools,  270. — Machinery  for  supply  of  war 
material,  270.  —  Locomotives,  tramway  engines,  and  agi"icultural 
machinery,  271. — Fixed  engines,  271. — Machine-made  clothing,  272 ;  hats 
and  caps,  273 ;  boots  and  shoes,  273 ;  cut  nails,  273. — Iron  making,  early 
history.  274. — Manufacture  of  Best  Yorkshire  iron,  275. — Collieries,  275. — 
31ap  of  coal  and  iron  measures,  276. — Mechanical  appliances  for  collieries, 
276. — Leeds  waterworks,  270. — Scientific  education,  277. 

Ex'GiXE,  Heslop,  1879,  85.    See  Heslop  Engine. 

ExGiXE  Kecoedee,  Paper  on  the  Moscrop  Engine  Recorder  and  the  Knowles 
Supplementary  Governor,  by  M.  Longridge,  1884,  150. — Objects  of  the 
two  instruments,  150. — Unsteady  turning  of  engiaes,  150. — Calculation  is 
tedious  and  often  delusive,  151. — Description  of  Piecorder,  151. — Recording 
apparatus,  151. — Governor,  152.  —  Marker,  152. — Paper  tape,  152. — 
Indications  of  iiTCgularity,  1 53. — Permanent  record  of  engine  performance, 
154. — Illustrative  examples,  154. — Errors  from  construction  of  instrument, 
155. — Slipping  of  driving  band,  155. — Momentum  of  driving  pulley  and 
governor,  156. — Friction,  150. — Slow  motion  of  tape,  156. — Supplementary 
Governor,  157. — Defects  of  parabolic  and  other  centrifugal  governors,  157. 
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— Lenjth  of  rod  counecting  governor  -with  throttle-valve  is  adjusted 
automatically  by  supplementary  governor,  15S. — Efficiency  proved  by 
recorder  diagrams,  159. 

Discussion. — Moscrop,  J.  B.,  Specimens  of  recorder  diagrams,  IGO.  — 
Eichardson,  "W.,  Performance  of  recorders,  IGO. — Fletcher,  L.  E.,  Good  field 
for  operations  of  recorders,  160. — Piatt,  J.,  Defect  in  driving  by  belt,  IGO. — 
Schonheyder,  "W.,  Difficulty  from  backlash  of, 'gearing,  IGO;  recorder 
designed  only   for  slow-moving  engiues,  161 ;   supplementary  governor 

"^  might  supersede  larger  governor,  161. — Anderson,  W.,  Kelation  between 

degree  of  expansion  and  weight  of  reciprocating  parts,  162  ;  mathematical 
calculation  might  be  tested  by  recorder,  162. — Longridge,  M.,  Failure  of 
main  engine-shafts,  due  to  variations  of  angular  velocity,  163 ;  calculation 
of  period  of  oscillations,  164 ;  iDeriodicity  of  vibrations  is  neutralised  by 
coupUng  two  engines  at  right  angles,  166 ;  driving  band  with  butt  joint, 
166 ;  supplementary  governor  does  not  always  supersede  ordinary  governor, 
166. 

Engine  Works  visited  at  Belgian  meeting.    Ateliers  de  la  Meuse,  18S3,  51">, 
534.— Cards',  517,  568. 

Engines,  Compound  Locomotive,  1879,  328. — Fireless,  610.    See  Locomotives. 

Engines,  Marine,  1881,  449.    See  Marine  Engine. 

Engines,  Poiping,  Direct-Acting,  Pajjer  on  Direct-Acting  Pumping  Engines 
and  Pumps  for  high  lifts  in  mines,  by  H.  Davey,  1874,  258. — Various 
constructions  of  pumping  engines  for  draining  mines,  258. — Single-acting 
Cornish  beam  engine,  25S. — Water  load  per  sq.  in.  of  steam-piston  area, 
259.— Cornish  Bull  engine,  259. — Eotary  double-acting  beam  engine,  259. 
— Speed  of  steam-piston,  259. — Horizontal  rotary  geared  engine,  260. — 
Compound  differential  engine,  260. — Action  of  the  differential  valve-gear, 
261. — Compound  differential  pumping  engine  at  Lambton  Colliery,  262. — 
Self-acting  adjustment  of  the  cut-off  point  in  accordance  with  each 
variation  in  load,  263. — Freedom  from  shocks  in  the  pumps,  263. — 
Compound  pumping  engines,  265.  —  Limited  expansion  in  a  single 
cylinder,  266.  —  Pumps  and  pitwork,  Cornish  system,  267. —Bucket 
lift,  268.  —  Inverted  jjlunger,  268. —  Hollow  plunger,  268. -Engine 
placed  underground  and  forcing  water  to  the  surface  direct,  268. — 
Construction  of  valves,  269.— Differential  pumping  engines  at  Clay  Cross 
Colliery,  270. — Condensation  of  steam  in  taking  supply  down  the  pit,  270. 
Discussion. — Davey,  H.,  Action  of  compound  diffLiential  engine,  271. — 
Menelaus,  W.,  Advantage  in  Cornish  engine  for  permanent  piunping  as  well 
as  sinking,  272. — Davey,  H.,  Advantages  of  compound  differential  engine  in 
removing  difficulties  of  pumping  whilst  sinking  a  pit,  272 ;  self-acting 
control  of  engine  when  pump  clack  is  gagged,  272. — Menelaus,  W.,  Direct- 
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acting  engine  would  require  additional  temporary  pumping  apparatus  for 
sinking,  273. — Markham,  C,  Cornish  pumping  engine  works  best,  274 ; 
plunger  pumps  preferable  to  piston  pumps,  275. — Cowper,  E.  A.,  Actiou 
of  differential  valve  motion,  275 ;  compound  engioe  better  for  large 
expansion  than  single  cylinder,  except  in  some  Cornish  engines,  275; 
pumping  engine  worked  more  economically  and  safely  at  bottom  of  pit, 
27G ;  result  of  experiments  on  condensation  of  steam  in  pipes,  276. — 
Head,  J.,  Comparative  evaporative  efficiency  of  boilers  with  or  without 
non-conducting  covering,  277. — Davey,  H.,  Direct-acting  engine  could 
remain  at  surface  if  desired,  277 ;  speed  of  water  through  pump  valves, 
278 ;  hydraulic  pumping  engine  used  under  water  at  bottom  of  pit  for 
raising  water  to  main  pumping  engine,  278  ;  action  of  differential  valve- 
gear  in  making  engine  safe  for  working  with  a  riding  column  of  water, 
278;  amount  of  loss  from  condensation  in  steam  pipes  carried  down  a  pit, 
279. — Bramwell,  F.  J.,  Ingenious  mode  of  controlling  extreme  speed  of 
engine  by  reversal  of  the  steam,  279. 

ExGixES,  TViXDixG,  Direct- Acting,  Paper  on  Direct-Acting  Winding  Engines 
for  Mines,  by  G.  H.  Daglish,  1875,  217. — Description  of  single-cylinder 
vertical  winding  engine,  217. — Coupled  pair  of  vertical  winding  engines, 
218. — Prejudice  against  horizontal  cylinders  that  they  are  worn  oval  by 
weight  of  piston,  219. — Horizontal  winding  engines  at  Kose  Bridge 
CoUiery,  219. — Speed  of  winding,  221. — Back  piston-rods  and  slides  not 
necessary,  and  abandoned,  221. — Coupled  horizontal  engines  working 
Pemberton  Colliery,  221. — Counterbalancing  required  on  account  of  great 
variation  in  power  employed,  223. — Conical  drums,  external  and  internal, 
223. — Counterbalances,  225. — Tables  giving  particulars  of  colliery  winding 
engines,  227. 

Discussion. — Head,  J.,  Back  piston-rod  worse  than  useless,  233 ; 
jn-cvention  of  oval  wear  of  cylinder,  233. — Keynolds,  E.,  Back  piston-rod 
not  necessary  when  piston  has  plenty  of  bearing  surface,  233 ;  modern 
winding  engines  made  excessively  large  for  quick  starting,  causing 
greater  strain  on  rope,  23i ;  large-sized  drum  and  pulleys  reduce  the  wear 
arising  from  reversing  bend  of  rope,  234. — ^Walker,  B.,  Great  weight  of 
drum  in  modern  engines,  advantageous  as  a  fly-wheel,  234  ;  back  piston-rod 
useless,  but  piston-rod  made  flat  at  underside  with  advantage,  235. — Rye, 
"W.,  Back  piston-rod  may  be  advantageously  abandoned,  235. — Davey,  H., 
Expansive  working  in  winding  engines,  235 ;  wearing  ovaL  of  horizontal 
cylinders  avoided  by  good  metal  and  large  piston  surface,  236 ;  back 
piston  rod  worse  than  usuless,  236 ;  difficulty  in  keeping  double-beat 
valves  and  seats  steam-tight  when  made  of  different  meta]s,  236. — 
Lawrence,  H.,  Prevention  of  leakage  from  expansion  in  double-beat  valves, 
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236 ;  o-reater  durability  of  ropes  on  conical  drums  than  on  flat  drums,  237  ; 
many  condensing  winding  engines  working  efficiently  in  Durham,  237. — 
Hall,  W.  S.,  Pit-head  pulley  if  made  too  large  acts  as  flywheel  and  wears 
rope  by  over-running,  238.— Cochrane,  C,  Wear  of  horizontal  cylinders  by 
bcarmg  weight  of  piston,  238.— Adamson,  D.,  Back  piston-rod  should  not 
be  used,  239 ;  composition  of  metal  best  siiited  for  cylmders,  239.— Howe, 
W.,  "Wear  of  horizontal  cylinder  with  back  piston-rod,  240  ;  construction 
of  packing  rings,  240 ;  prevention  of  leakage  from  expansion  la  double- 
beat  valves,  240.— Claridge,  T.,  Difficulty  overcome  of  unequal  expansion 
in  double-beat  valves,  241.— Watkin,  W.  J.  L.,  Long  duration  of  ropes 
attributable  to  careful  make  of  grooves  on  drums,  241 ;  rope  passing  under 
winding  drum  wears  out  sooner  than  rope  passing  over,  242. — Bryham,  W., 
Greater  wear  and  tear  of  flat  rope  with  flat  winding  drum  than  of  round 
rope  with  conical  drum,  242  ;  great  gain  in  durability  of  rope  from  wood 
grooves  on  drum  properly  fitting  each  convolution  of  rope,  242 ;  distance 
for  stopping  cage  in  pit,  243;  back  piston-rod  found  no  advantage  and 
removed,  243. — Daglish,  G.  H.,  Maximum  speed  in  shaft,  243.— "Waddle, 
J.  K.,  Slide-block  at  end  of  back  piston-rod  found  useful  for  carrying 
weight  of  piston,  244.— Daglish,  G.  H.,  Expansion  valves  not  used  for 
winding  engines,  244  ;  cylinder  not  worn  oval  when  working  without  back 
piston-rod,    244 ;     double-beat    steam    valves    and    seats    of   gun-metal 
satisfactory,  244.— Bramwell,  F.  J.,  Application  of  condensing  engines  to 
winding,  245  ;  back  piston-rod  better  omitted  in  horizontal  engines,  245 ; 
means  of  preventing  over-winding  important  to  be  considered,  246. 
En-ges-es,  Tractiox,  Working  of,  in  India,  1879,  494.     See  Traction  Engines. 
ExGixES,  Watek-Power,   with   variable   stroke,   1879,   484.     See  Watcr-Power 

Engines. 
Excises,  WAXER-PRESsritE,  for  mining  purposes,  1880,  245.     See  "U'ater-Prcssuie 

Engines. 
Eiiiiirs  Steel  "Works,  1881,  627.    See  Steel  Plant. 
Etherixgtox,  J.,  elected  Member,  1884,  408. 
EvAXS,  D.,  elected  Member,  1884,  198. 
EwEX,  T.  B.,  elected  Member,  1881,  9. 
Excavators,  Bull's  and  Bruce's,  1879,  555,  559. — Fouracres,  534.— ^Milroy's,  562. 

See  Dredger. 
Excavation  of  Chaxxel  Tcxxel  by  Automatic  Hydraulic  System,  1882,  440. 

See  Tunnel,  Channel. 
Excursion's  at  Summer  Meetings : — 
Cardifi",  1874,  162,  234. 
Manchester,  1875,  307. 
Birmingham,  1876,  327. 
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Bristol,  1877,  296. 

Paris,  1878,  .546. 

Glasgow,  1879,  567, 

Barrow-in-Furness,  1880,  478. 

Newcastle-on-Tyne,  1881,  595. 

Leeds,  1882,  451. 

Belgium,  1883,  511. 

Cardiff,  1884,  356. 
Exhaust-Steam  Injectok,  1884,  167.     See  Injector. 
Exhibition,  Report  on  the  Nortli-East  Coast  Exhibition  of  Marine  Engineering, 

&c.,  by  J.  Head  and  G.  B.  Eennie,  1882,  472. 
Expansion  Cuete  fok  Steam,  true  theoretical,  1877,  289. 
Expansion  Geae,  Automatic,  Paper  on  Governing  Engines  by  Eegulating  the 

Expansion,byW.  Hartnell,  1882,  408. — Advantages  of  automatic  expansion 

gear,  408. — Saving  of  fuel,  408. — Estimate  of  steam  saved,  409. — Form 

of  indicator  diagrams,  409. — Economy  of  steam  with  various  cut-off,  409. 

— Ditto    with    variable    load,    410. — Prompt    governing,    410. — Perfect 

governing,   411.  —  Eetardation   from    storage,   and   from    friction,    412. 

— Governor  power,   415. — Eetardation   from  friction,   and   from   storage 

and  friction  combined,  416. — Special  automatic  expansion  gear,  416. — 

Governor  applied  to  separate  cut-off  valve,  417. — Ditto  to  ordinary  slide- 
valves,  418.  —  Automatic  expansion  regulator,  420.  —  Governor  power 
obtained  with  springs,  420. — Sensitiveness,  421. — Screwing  up  springs, 
421.  —  Angle  of  bell-cranks,  423.  —  Applications  of  governors,  425. — 
Indicator  diagrams,  425. — Notes  :  position  and  adjustment  of  eccentrics, 
425 ;  size  of  spiral  springs,  426 ;  travel  of  governor  balls,  426  ;  size  of  fly- 
wheel, 427 ;  calculation  of  governor  springs,  428 ;  extreme  speeds  due  to 
springs,  430. 

Discussion. — Hartnell,  W.,  Description  of  governors  exhibited,  431. — 
Turner,  F.,  Experience  in  manufacturing  these  governors,  431.— Maw, 
W.  H.,  Admirable  working  of  expansion  regulator,  432. — Shaw,  H.  S.  H., 
Economy  due  to  automatic  expansion,  432 ;  regulation  of  speed  by 
automatic  expansion  or  by  fly-wheel,  433. — Halpin,  D.,  Governor  power 
for  moving  expansion  gear,  434. —  Bale,  M.  P.,  Durability  of  governor 
springs,  434. — Paget,  A.,  Experience  with  reciprocating  springs,  434. — 
Crampton,  T.  E.,  Eange  of  expansion,  435  ;  wire-drawing,  435. — Hartnell, 
W.,  Indicator  diagrams  produced  without  throttle-valve,  436. — Crampton, 
T.  E.,  Wire-drawing  by  slide-valve,  436. — Hartnell,  W.,  Interdependence 
of  fly-wheel  and  governor,  437 ;  resistance  to  be  overcome  by  governor, 
437 ;  durability  of  springs,  438  ;  limit  of  expansion,  438.— 'Wcstmacott, 
V.   G.  B.,  "What  cflect  if  governor  spring  broke,  438. — Hartnell,  W., 
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Steam  shut  ofif  by  spring  breaking,  439  ;  diagrams  illustrating  conclusions, 
439. 

Expansion  Geae,  Coreet,  Paper  on  vertical  compound  engines  fitted  with 
Correy's  variable  Expansion  Gear,  by  T.  Powell,  1S78,  504. —  Construction 
of  steam-engines  at  Eouen,  504. — Early  Woolf  engines  with  ordinary 
felide-valve,  504. — Woolf  engines  with  expansion  in  small  cylinder,  506. — 
Variable  expansion  by  the  governor  on  Correy  system,  507. — Trial  of 
Woolf  engine  of  M.  Lavoisier,  with  expansion  by  lap-valve,  511. — Trials  of 
engine  of  M.  Fauquet  Lemaitre  with  Correy  expansion  gear,  513. — Trial 
of  engine  of  MIM.  Waddington  with  Correy  expansion  gear,  515. — 
Conclusions,  521. 

Discussion. — Eobinson,  J.,  Comparison  desirable  of  this  gear  with  other 
systems,  523. — Elwell,  T.,  Contrivance  appears  very  complicated,  523. — 
Eobinson.  J.,  Complication  inevitable  if  the  cut-off  is  so  early  as  to  allow 
of  great  expansion,  523. — Hawk&ley,  C,  Description  of  pumping  engines 
and  expansion  gear  at  Derby  w^ater  works,  523. — Markham,  C,  Small 
cylinder  thould  be  small  enough  to  do  without  cut-off,  524. — Piatt,  J., 
Motion  is  really  very  simple,  524. — Hunter,  W.,  Had  engine  of  Messrs. 
Windsor  the  same  cut-off  as  that  described,  525. — Powell,  T.,  Knows  no 
variable  cut-off  on  vertical  engine  so  simple  as  this,  525  ;  great  exaggeration 
as  to  influence  of  length  of  ports,  526  ;  desirable  to  have  automatic 
expansion  gear  in  order  to  obtain  regularity  of  speed,  526  ;  evils  of  having 
no  cut-off  in  small  cylinder,  526  ;  Windsor's  engine  not  so  easily  regulated, 
527. — Eobinson,  J.,  Great  aim  was  to  get  a  valve-gear  simpkr  than  the 
Corliss,  and  equally  effective,  528, 

Expaxsiox  ix  Locomotives.    See  Locomotives. 

ExPA>'siox,  Variable  ArxoJiATic,  Paper  on  the  economy  of  Variable  Automatic 
Expansion  in  steam  engines,  by  J.  C.  Fell,  1877,  276. — Theoretical  gain 
from  high  degrees  of  expansion  is  considerably  reduced  in  practice  by 
cooling  from  extended  surface,  276. — Practical  useful  limit  is  reached 
with  moderate  expansion,  277. — Means  of  determining  lunit  of  economy  in 
expansive  working,  278. — Improved  economy  from  variable  automatic 
expansion,  278. — Advantage  of  true  expansion  over  throttling,  279. — 
Description  of  Eider's  variable  automatic  expansion  gear,  280.  — 
Successful  practical  results  of  working,  281. 

Discussion. — Fronde,  W.,  True  limit  of  economy  in  expansion,  283. — 
Hartnell,  W.,  Practical  limit  of  economy  by  expansion,  284 ;  economy  of 
fuel  with  a  variable  cut-off,  285;  cut-off  usually  too  early  with  fixed 
gear,  285. — Oughterson,  G.  B.,  Automatic  cut-off  gives  perfect  command 
over  regularity  of  work  in  cotton  mills,  but  is  not  suited  for  all  classes  of 
engines,   286. — Powell,   T.,   Automatic   gear  is   tconomical    where  load 
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varies  continually,  but  of  little  benefit  with  a  constant  load,  286. — ^Eich, 
W.  E.,  Kibk  of  leakage  -with  cylindrical  slide-valve,  287 ;  movable 
eccentric  required  for  a  good  range  of  expansion,  287. — Hartnell,  W., 
Variable  expansion  gear  ought  also  to  be  automatic,  288. — Cowper,  E.  A., 
Theoretical  diagram  of  true  expansion  curve  for  steam,  289 ;  stationary 
expansion-link  alters  both  the  stroke  and  the  lead,  290;  importance  of 
steam-jacket  to  prevent  loss  by  condensation,  291. — Paget,  A.,  Loss  by 
leakage  of  cylindrical  cut-off  valve  likely  to  exceed  the  gain  by  automatic 
motion,  291. — Braham,  P.,  Value  of  fuel  depends  upon  mode  in  which  it  is 
used  by  stoker,  291. — ilorgans,  T.,  Indicator  diagram  shows  throttling  in 
return  stroke,  291. — Fell,  J.  C,  Practical  limit  of  final  steam  pressure  in 
expanding,  292 ;  advantage  of  automatic  expansion  gear  in  giving  full 
steam  whenever  required,  293 ;  no  leakage  of  cylindrical  valve  after  five 
years'  working,  294. 

Expansive  Woukixg  of  "Winding  Engines,  1875,  235,  244. 

Explosive  Mixtures  of  gas  and  air  for  Gas  Engines,  result  of  experiments  by 
H.  Tresca,  1875,  205,  210,  216. 

ExTENSOMETEE  for  measuring  Increase  of  Length  in  testing  by  Tensile  Strain, 
1878,  256. 

Eyth,  M.,  Iron  and  Steel  for  Boilers,  Paper  on  experiments  referring  to  the 
use  of  Iron  and  Steel  in  high-pressure  Boilers,  1879,  268.— Remarks,  303, 
325,  326. 

F. 

Faua,  H.,  Bath,  Floating  Swimming,  1875,  149. 

Cement,  Portland,  Paper  on  the  Manufacture  and  Testing  of  Portland 
Cement,   and  the   machinery   used    in   its  production,   1875,   46. — 
Remarks,  55,  60. 
Faikbaikn,  Sir  W.,  notice  of  decease,  1874,  253. — Resolution  of  meeting,  255. — 

Memoir,  1875,  22. 
Fairholme,  Capt.  C,  elected  Associate,  1883,  310. 

Brake,  Automatic  Screw-Brake,  1882,  512. 

Brakes,  Automatic  action,  1880,  139. 
Faxs.     See  Ventilators. 
Faecot,  J.  J.  L.,  elected  Member,  1875,  314. 
Farcot,  p.,  elected  Member,  1880,  185. 

Farquhar  Filtering  Apparatus,  1881,  145-162.    See  Filter. 
Farquhar,  J.  F.  C,  Filter,  Farquhar,  1881,  159-lGO. 
Farrar,  S.  H.,  elected  Member,  1881,  624, 
Faviell,  S,  C,  decease,  1875,  3. — Memoir,  24. 
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Faavcett,  T.  C,  elected  Member,  1SS2,  25±. 
Fat,  C,  Brakes,  Eifect  of,  upon  railway  trains,  1878,  628. 
Fearfield,  J.  P.,  elected  Member,  ISSl,  70. 
Locomotive  Kunning  Shed,  1884,  253. 
Feed-Watek  Heater  and  Filter,  Paper  on  a  Feed- Water  Heater  and  Filter 
for  Stationary  and  Locomotive  Boilers,  by  G.  S.  Strong,  1881,  539. — 
Soluble  and  insoluble  substances  in  -water,  539. — Temporary  and  permanent 
hardness  of  water,   540.  —  Table   of  solubility   of  sulphate   of  lime   at 
different   temperatures,   511.  —  Principle   of    feed-water    heater,   511. — 
Description  of  heater,   512.  —  Filter,   513. — Adaptation  for  condensing 
engines,   543.  —  Adaptation   to  locomotive    boilers,   544.  —  Examples   of 
application,  544. 

Discussion. — Strong,  G.  S.,  Process  of  blowing-off  for  cleaning  filter, 
545 ;  simpler  arrangement  of  tubes,  545 ;  application  to  locomotives  in 
England,  546. — Eichardson,  "W.,  Filtering  sewage  water  for  feeding  boilers, 
546. — Greig,  D.,  Extra  heating  of  feed-water  seems  right  course,  547. — 
Kich,  W.  E..  Exhaust  pipe  not  hot  enough  to  heat  hot-well  water,  547. — 
Abbott,  T.,  Mode  of  withdrawing  filter  from  casing,  547.— Cowper,  E.  A., 
Use  of  filter  with  bad  water,  548. — Head,  Jeremiah,  Is  precipitation  of  all 
dissolved  substances  by  heat  a  fact,  548. — Cochrane,  C,  Condensed  water 
may  be  used  again  with  caustic  soda,  549. — Pattinson,  H.  L.,  Insolubility 
of  sulphate  of  lime  in  hot  water,  549. — Strong,  G.  S.,  Use  of  water  from 
hot-well,  550  ;  separation  of  sulphate  of  lime,  550  ;  prevention  of  corrosion 
inside  heater,  550  ;  mode  of  changing  the  filter,  551. 

Feeder  for   Steam  Boilers,   Fromcntin  Automatic,   1882,  479.      See  Boiler 
Feeder. 

Feexy,  V.  I.,  elected  Member,  1882,  15. 

Fell,  J.  C,  elected  Member,  1876,  27. 

Accidents,  Mine,  Mechanical  Appliances  for,  1877,  333. 
Expansion,   Variable    Automatic,   Paper  on    the    economy  of   Variablo 
Automatic  Expansion  in  steam  engines,  1877,  276. — Kemarks,  282, 
292. 
Friction  Experiments,  1884,  33. 
Iron  and  Steel,  Physical  condition  of,  1884,  57. 

Fenton,  J.,  elected  Member,  1877,  71. 

Ferdinand  Lousbergs  Cotton  Mills,  visited  at  Belgian  meeting,  1883,  517. — 
Description  of  Works,  564. 

Ferguson,  W.,  elected  Member,  1881,  163. 

Fernie,  J.,  Power  Transmission,  1881,  93. 
Steel,  Chernoff's  papers,  1880,  240. 

Ffolkes,  M.  W.  B.,  elected  Graduate,  1875,  190. 

FiELDtN,  J.  P.,  elected  Member,  1884,  79. 
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Fielding,  J.,  elected  Member,  1874,  256. 
Cutting  of  Metals,  1883,  258,  261. 

Filters,  Bag,  Centrifugal,  Disc,  Sponge,  Stone.  See  Bath,  Floating  Swimming, 
1875,  134. 

Filter,  Faper  on  the  Farquhar  Filtering  apparatus,  by  H.  Chapman,  1881,  145. 
— Difficulties  of  mechanical  filtration  for  sewage,  145.  —  Principle  of 
continuous  removal  of  fouled  filtering  surface,  146. — Description  of 
Farquhar  filter,  146. — Eesults  of  experimental  working,  148. — Filtration 
of  sewage  and  night-soil  in  Paris,  148. — Filtration  of  sugar  juice,  149. — 
Filtration  of  turbid  river  water,  150. — Application  of  system  to  sewage, 
150:  —  to  waterworks,  151:  —  to  manufactures,  153. — Advantages  of 
sawdust  as  filtering  material,  153. 

Discussion. — Hawksley,  T.,  Slow  filtration  essential  for  potable  water, 
155;  filtration  partly  chemical,  156;  rapid  filtration  applicable  for 
sewage  &c.,  but  not  for  waterworks,  156. — Crampton,  T.  R.,  Sewage  must 
be  pumped  into  filtering  apparatus,  157. — Hawksley,  T.,  Filtration  under 
pressure  not  new,  but  continuous  scraping  of  filter-bed  is,  157 ;  sawdust 
must  not  impart  taste  or  smell  to  water,  157. — Newman,  F.,  Filtration  of 
flood  water  containing  clay,  357. — Hawksley,  T.,  Slow  filtration  necessary 
for  perfect  clearness,  158.  —  Newman,  F.,  Objections  to  slow  filtration, 
158. — Piatt,  S.  E.,  Has  filter  been  applied  to  water  from  coal-washing, 
159. — Cowper,  E.  A.,  Is  apparatus  at  work  at  Barclay's  brewery,  159. — 
Farquhar,  J.  F.  C,  Not  now  at  work,  and  of  difiereut  construction,  159. — 
Cowper,  E.  A.,  Filtration  of  turbid  river  water,  159. — Farquhar,  J.  F.  C, 
Success  of  rapid  filtration,  159  ;  diiference  between  sand  and  sawdust,  160 ; 
inodorous  sawdust  for  filtering  potable  water,  160  ;  arresting  of  suspended 
clay  matter  by  sawdust  filter,  161  ;  filtration  of  water  from  coal-washing, 
161 ;  depth  of  filter-beds,  161. — Hawksley,  T.,  Shingle  under  sand  filter- 
beds  is  only  to  support  sand,  161. 

Filter  and  Heater  for  Feed-Water,  1881,  539.  See  FeeJ-"\Vater  Heater  and 
Filter. 

Filtration  of  "Water,  real  action  by  attraction  of  particles,  1875,  151. 

Fire  Extinction,  Injector  Hydrants  for,  1879,  364.     See  Injector  Hydrant. 

Fire-Feeder,  Mechanical,  Paper  on  the  Frisbie  Mechanical  Fire-Feeder  and 
Grate  for  boilers  and  furnaces,  by  B.  P.  "Walker,  1876,  318. — Object 
of  apparatus,  318. — Construction  and  action  of  fire-feeder,  318. — Means 
of  removing  incombustible  matter  from  grate,  319. — Advantages  of  firing 
by  inserting  fuel  from  beneath,  319. — Application  and  satisfactory  results 
of  working,  320. 

Discussion. — "W^alker,  B.  P.,  Self-acting  apparatus  for  feeding  hopper, 
321;  disadvantage  in  applying  fire- feeder  to  Cornish  boiler,  821. — 
Olrick,  L.,  Admission  of  air  above  grate  for  burning  smoke,  321 ;  remov.il 
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Fibe-Feedek,  JIechaxical  (continued). 

of  clinkers  from  grate,  322. — Smith,  M.  H.,  Loss  of  coal  from  firing  too 
fast,  322;   durability  of  fire-bars  mth  more  intense  combustion,  322. — 
Bramwell,  F.  J.,  Early  plan  of  feeder  for  introducing  coal  below  fire,  323 
advantage    of   firing    from   below,   32i.  —  Walker,   B.  P.,   Satisfactory 
consumption  of  smoke,  324 ;  power  required  for  charging  grate,  325 ;  great 
durability  of  fu-e-bars,  325 ;  cost  of  fire-feeder,  326 ;  advantage  in  breaking 
up  clinkers  on  top  of  fii'e,  326  ;  'extensive  application  to  glass  houses,  326. 
FiRELESS  LocoMOTrvES,  1879,  610. — 18S0,  37.    See  Locomotives. 
FiKTH,  S.,  Brakes,  Effect  of,  upon  railway  trains,  1879,  215. 
FiBTH,  W.,  elected  Member,  1874,  25G. 

Compressed- Air  Machinery,  1S74,  220. 
FisuEE,  B.  S.,  decease,  1SS4,  3. — Memoir,  62. 
FiSHEE,  G.,  elected  Member,  1884,  198. 
Fisher,  H.  O.,  elected  Member,  1884,  79. 
Flakgixg  Machixe,  Htdkaulic,  1874,  170. 

Flasgixg    Steel    Plates,   Experiments  on  Flangiag   Steel   Plates    cold    by 
Hydraulic  Pressure,   by  Messrs.   Easton    and    Anderson,    1SS2,   528. — 
Description  of  mouldd,  528. — Plates  of  Landore  Siemens  S.S.  quality,  528. 
— Results  of  flanging  annealed  and  unannealed  plates,  528. 
Flax^xery,  J.  F.,  elected  Member,  1877,  71. 

Boiler  and  Engine,  High-Pressure,  1877,  141. 
High-Pressm-e  Vessels,  1878,  284u 
FLATEAr,  C.  L.,  Portable  Railways,  1884,  146. 
Flax  axd  Tow  Mills,  La  Lieve,  1883,  517,  565. 
Flemixg,  W.,  Jute,  Paper  on  the  manufacture  of' Jute,  1880,  380.— Remarks,  392, 

3&3. 
Fletcher,  D.  H.,  elected  Member,  1882,  15. 
Fletcher,  G.,  elected  Member,  1883,  309. 
Fletcher,  H.  A.,  memoir,  1884,  472. 

Heslop  Eugine,  Paper  on  the  Heslop  Engme,  1879,  85.— Remarks,  93,  94. 
Rules,  1879,  42. 
Patent  Laws,  1876,  191. 
Fletcher,  Jaiies,  Sen.  (Manchester),  decease,  1882,  17. — Memoir,  5. 
Fletcher,  James,  Jun.  pianchester),  decease,  1875,  3. — Memoir,  24. 
Fletcher,   L.  E.,  Boiler,   Lancashire,    Paper   on    the   Lancashue   Boiler,   its 
construction,  equipment,  and  setting,  1876,  59. — Remarks,  82,  121. 
Engine  Recorder,  1884,  160. 
Riveted  Joints,  1881,  274,  279,  280,  282. 
Fleuss  ArPARATrs  for  "Working  in  Irrespkable  Gases,  1882,  187. — Oxy-hydrogen 

safety  lamp,  1882,  195.    See  Diving  Appliances. 
Fletss,  H.  a.,  Diving  Appliances,  1882,  190,  191,  195,  197,  198. 
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Floating  Dock,  1878,  139.    See  Dock,  Victoria  Floatiug. 

Floating  Swimming  Bath,  1875,  134.     See  Bath,  Floating  Swimming. 

Flow  of  Solids,  Taper  on  further  applications  of  the  Flow  of  Solids,  by  H.  Tresca. 
1878,  301.— Two  distinct  periods  of  elasticity  in  bodies,  301.— Third 
period,  that  of  fluidity,  302.— Jets  of  solid  matter,  302.— Flow  of  solids 
in  punching,  303. — American  punched  nuts,  305. — Forging,  30G.— Fibrous 
structure  of  iron,  307. — Heat  developed  iu  forging,  311. — Experiments 
with  iridised  platinum,  314.  —  Stamping,  317.  —  Planing,  321.  — 
Characteristics  of  cuttings  from  lathes  and  planing  machines,  322, 
— Similar  phenomena  in  geology,  327. 

Discussion. — Kobinson,  J.,  Treatment  of  the   subject  might  be  called 
"mechanical  analysis,"'  328. — Blake,  W.  P.,  Ellipsoidal  pebbles  found  in 
United  States,  328 ;  fracture  and  regelation  not  necessary  to  flow  of  ice, 
329 ;  flow   of  solids  might   include   every  substance,   330. — Bell,  I.   L., 
Absence  of  strife  in  Swedish  ii-on   due  to   mode  of  manufacture,  331 : 
skeleton  left  after  treatment  by  chlorine  is  not  pure  silica,  331. — WHliams, 
K.  P.,  Continuous  crossing  made  by  hydraulic  pressui-e,  332  ;  steel  rails 
might    bo    cold  -  rolled,   333.— Paget,   A.,   Question   whether  iron  were 
crystalline  or  fibrous,  334 ;    pitch,  as  illustrating  flow  of  solids,  334. — 
Hopkinson,  J.,  Jun.,  How  far  are  phenomena  of  flow  of  solids  dependent 
on  time,  335 ;  distinctions  between  very  viscous  fluid  and  solid  body,  33G  ; 
temporary  flow  of  solids,  336.— Bell,  I.  L„  Fibre  in  iron  is  produced  by 
drawing  out  crystals,  337 ;   cold-rolling  process  has  been  tried,  338.  — 
Tresca,   H.,  Flow   of  solids  as    shown    in  fire-clay  and    in  schist,  339 ; 
explanation  of  phenomenon  of  faults,  339  ;  ice  is  a  plastic  material  that 
can  be  moulded  in  all  directions,  340  ;  vitreous  and  brittle  substances  arc 
only  so  relatively  to  the  medium  in  which  they  are  placed,  341 ;  iron  is 
made  impure  by  either  oxide  or  silicate,  341 ;  changes  produced  in  iron  by 
rolling  or  hammering  when  cold,  341 ;  fibrous  structure  of  wrought  iron. 
342  ;  cause  of  fibrous  iron  becoming  apparently  crystalline,  343  ;  oxidisation 
has  not  same  effect  on  iron  as  on  steel,  343  ;  time  is  an  important  element 
in  changing  form  of  solid  substance,  343  ;  deformation  of  material  under 
slow  pressure  and  under  sudden  blow  is  not  identical,  344  ;  in  bringing  a 
mass   from   one   shape  to  another  it  is  necessary  the  mechanical  work 
should  be  properly  expended,  344. 
Flow  eoxjnd  Eiver  Bends,  by  J.  Thomson,  1879,  45G.— Theory  of  flow  of  water 
round  river  bends,  456. — Verification  of  theory  by  experimental  apparatus, 
459. 
Fluid   Compressed  Steel,  "Whitworth  process,  1880,  171,  179,  180,  181.     See 

Steel,  Fluid-Compressed,  and  Guns,  1875,  2G8. 
Fontaine,  H.,  Electric  Lighting,  Faper  on  Ligliting  by  means  of  Electricity^ 
1878,  529. 
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FoxTAXS-E,  M.  Bekrier-,  elected  Member,  1878,  293. 

Hydraulic  Machinery,  Toulon,  Paper  on  the  Hydraulic  Machinery  in 
the  iron  shipbuilding  department  of  the  naval  dockyard  at  Toulon, 
1878,  346. 

FoKBES,  D.  M.,  elected  Member,  1882,  15. 

Forbes,  D.  "W.,  elected  Member,  1877,  165. 

Forbes,  W.  G.  L.  S.,  elected  Member,  1882,  15. 

FoRGiXG  OF  Craxk  Shafts,  Paper  on  the  Forging  of  Crank  Shafts,  by  W.  L.  E. 
McLean,  1879,  461. — First  method,  by  forgeman  "finishing  the  piece 
before  him,"  461. — Second  method,  by  "turning  the  shaft  end  for  end," 
464. — Third  method,  building  up  the  crank  by  "  scarfings  "  from  both 
sides  equally,  465. — Material  for  crank  shafts,  467. — History  of  scrap 
iron  forgings,  468. — "Eolled  scrap  bar"  as  made  for  crank  shafts  at 
Lancefield,  469. — Steel  for  crank  shafts,  470. — Built-up  shafts,  470. — 
"  Great  Eastern  "  crank  shaft  forged  at  Lancefield,  471. 

Discussion. — "Williams,  E.,  Slabs  should  not  be  shorter  than  the  body, 
471. — Jamieson,  J.  L.  K.,  Much  larger  forgings  required  in  the  future, 
472 ;  shafts  must  be  built  up,  472. — "Whitley,  J.,  Crank  shafts  will  be 
made  out  of  cast  steel  under  pressure,  473. — Keynolds,  E.,  Proper 
arrangement  of  piles  for  effective  forging,  473 ;  steel  for  crank  shafts, 
474 ;  locor^otive  crank-shafts  of  ingot-steel,  475. — Eatliffe,  G.,  At  Mersey 
Works  slabs  are  all  drawn  to  finished  length,  475 ;  good  puddled  iron 
preferable  to  present  scrap-iron  for  shafts,  476 ;  definition  of  steel,  476 ; 
mild  steel  ingots,  rolled,  cut,  and  piled,  make  excellent  crank-shafts,  477. 
— Peacock,  E.,  Locomotive  crank-shafts  best  from  good  selected  scrap, 
477. — McDonnell,  A.,  Experience  with  cast -steel  locomotive  crank-axles, 
477 ;  ditto  with  Bessemer  steel  ditto,  478. — Fox,  S.,  Fibrous  structure 
important  in  forgings,  479. — Howden,  J.,  Quality  of  forged  crank-shafts 
depends  largely  upon  manner  of  building  up,  479  ;  value  of  rolled  scrap 
iron,  479. — McLean,  "W.  L.  E.,  Question  between  ii-on  and  steel  for  crank 
shafts  is  one  of  cost,  479 ;  rolled  scrap-iron  gives  uniform  material,  480 ; 
slabs  drawn  to  finished  length  would  give  much  waste,  480 ;  his  object  to 
improve  the  material  generally  specified,  480 ;  behaviour  of  steel  crank- 
shafts at  sea,  481 ;  buUt-up  shafts  heavier  and  more  expensive  than  solid, 
481. — Eobinson,  J.,  "Welding  by  friction,  481 ;  different  qualities  of  scrap 
iron,  482 ;  comparison  between  cast-steel  and  scrap-iron,  482 ;  material 
should  be  homogeneous,  4S3. 

FoKGCsG,  Principles  of,  1878,  306. — Heat  developed  in  forging,  1878,  311,  333, 
344. 

Forrest,  "W.  J.,  decease,  1874,  2. — Memoir,  19. 

FoRSTTH,  E.  A.,  elected  Member,  1882,  254. 

Foster,  J.  S.,  elected  Member,  1884,  408. 
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Foster,  S.  L.,  decease,  1880,  10. — Memoir,  3. 
FoTHERGiLL,  J.  E.,  elected  ^lember,  1882,  15. 

Boiler  Corrosion,  Marine,  1884,  337. 
FocLis,  W.,  elected  Member,  1877,  165. 

"Water  Pressure  Regulators,  1879,  442. 
FouLis  Water  Pressure  Eegulators,  1879,  423.     See  "Water  Pressm-e. 
FocxKEs'  CoxTrNTOUS  ArT03iATic  E-iiL^n^AY  Brake,  shown  at  Cardiff  meeting, 

1884,  357. 
FouxDRT,   visited  at   Glasgow    meeting ;    "Walter    Macfarlane   and   Co.,   1S79, 

5G9. 
FouBACRES    Yertic-VL-Actiox    Steam   Dredger    iu   India,    1879,    534.      See 

Dredger. 
Fox,  F.  G.  B.,  elected  Member,  1884,  1. 
Fox,  S.,  elected  Member,  1875,  35. 

Forging  of  Crank  Shafts,  1879,  478. 

Iron  and  Steel  for  Boilers,  1879,  315. 

Marine  Engine,  1881,  493. 
Fox,  W.,  elected  Member,  1882,  475. 
Framptox,  JE.,  elected  Member,  1884,  198. 
Fraxcis,  a.  a.,  elected  Graduate,  1880,  18G. 
Fraxcke  "  TxxA "  or  Vat  Process  for  Amalgamation  of  Silver  Ores,  1884,257. 

See  Silver  Ore  Amalgamation. 
Fbascq,  L.,  Locomotives,  FLreless,  Taper  on  Fii-cless  Locomotives  for  Tramways, 

1879,  (jlQ.—Eepli)  to  Discussion,  1880,  37. 
Feasee,  J.,  decease,  1882,  17. — Memoir,  G. 
Fraser,  J.  H..  elected  Member,  1877,  71. 
Frecheville,  E.  J.,  Silver  Ore  Amalgamation,  1884,  2G5. 
Frictiox  at  High  Yelocttxes,  Enquiry  by   "W.  W.  Hulse  as  to  progress  of 

research,  1882,  149. — "Westmacott,  P.  G.  B.,  Arrangements  for  carrying 

out  experiments.  1882,  150. 
pRiCTiox  AT  High  "N^eloctties,  First  Eeport  to  the  Council  of  tlie  Committee  on 

Friction  at  Higii  Yelocities,  A.  B.  "W.  Kennedy,  reporter,  1883,  660. — 

Influence  of  velocity  upon  friction,  660. — Experiments  by  Jenkin,  660 ; 

by  Kimball,  CGI ;  by  Thurston,  662  ;   by  Poiree   and  Bochet,  662 ;  by 

Gallon  and  Westinghouse,  663. — Letters  from  G.  Cope  Pearce  and  Gen. 

Morin,  664. — Conclusions  from  experiments,  GG4. — Appendix,  Gen.  Morin's 

letter,  666. 
Friction  Brakes.     See  Dynamometers,  1876,  199. 
I-'rictiox  ExrERiiiEXTS,  First  Report  on  Friction  Experiments,  by  B.  Tower, 

1883,  632. — Description  of  machine,  632. — Method  of  experim'^ntiug,  634. 

— Eesults  of  experiments,  637. — Pressure  between  bearing  surfaces,  638. 

— Modes  of   lubrication,   638. — Oil   bath  and  pad,   640. — Coeflicient   of 
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Friction  Experiments  (continued). 

friction,   641.— Speed  of  minimum   friction,   G42.— Tables  I-XI,  details 
of  experiments,  G43-G52. 

mscussion.—Andenon,  W.,  Lubrication  from  beneath,  653.— Wicksteed, 
J.  H.,  Slower  speed  allows  liiglier  pressure  without  seizing,  653.— 
Eobiufon,  J.,  Practicable  application  of  oil-bath,  654.- Davey,  H.,  High 
pressures  possible  on  bearings  at  slow  speed.s,  654.— Paget,  A.,  Journal 
friction  approximates  more  to  liquid  friction  than  to  solid,  Go4 ;  friction 
must  be  intermittent  for  high  pressures,  655  ;  '•  ditliering"  friction,  655.— 
Lea,  H.,  Difficulty  of  working  lathe  with  loose  bearing,  655.— Smith, 
P.  H.,  Overhanging  journals  get  unequal  pressure,  655  ;  oil-bath  applied 
from  above,  656 ;  results  obtained  by  Prof.  Thurston,  G3G ;  coefficient  ot 
friction  diminishes  with  increase  of  pressure,  G5G ;  variation  of  friction 
with  temperature,  656  ;  testing  .apparatus  at  Mason  Science  College,  657. 
— Halpin,  D.,  Constant  and  intermittent  friction  on  bearings  in  locomotives, 
G57.— Cowper,  E.  A.,  Lubrication  of  bearings  in  marine  engines,  657.— 
Williams,  K.  P.,  Axle-friction  of  railway  vehicles,  658  ;  grooving  of  axle- 
brasses,  658.— Westmacott,  P.  G.  B.,  Adjournment  of  discussion,  659. 

Adjourned  Discussion.— Tower,  B.,  Alternation  in  direction  and  short 
duration  of  high  pressure  in  punching  and  shearing  machines,  1884,  29 : 
value  of  profuse  lubrication,  and  great  consequent  diminution  of  friction, 
29  ;  profuse  lubrication  is  possible  without  waste,  29  ;  trial-trip  lubrication 
should  be  kept  up  at  all  times,  30;  high  pressure  on  crank-pins  is 
alleviated  at  high  speeds  by  inertia  of  reciprocating  parts,  30 ;  probable 
springing  of  cap  of  lathe-mandril,  31;  experimental  journal  was  not 
overhanging,  31 ;  dashpot  was  unnecessary  for  steadying  pointer,  31  ; 
coefficient  of  friction  remains  very  steady  \\ith  oil-bath  lubrication,  31  ; 
temperature  maintained  constant  in  these  experiments,  32 ;  explanation 
of  loads  stated  in  the  tables,  32 ;  method  of  grooving  the  experimental 
brasses,  33.— Fell,  J.  C,  Load  upon  experimental  bearing  was  on  same 
face  on  which  the  lubrication  was  applied,  33;  in  many  ordinary  bearings 
it  is  on  opposite  face,  33  ;  end-play  of  bearings  may  aifect  lubrication,  33  ; 
dingrammaiic  representation  of  results,  31.— Eicli,  W.  E.,  High-speed 
bearings  lubricated  from  beneath  in  wood-working  machinery,  31. — 
Tower,  B.,  Experimental  bearing  must  be  of  typical  form,  34 ;  practical 
effect  of  end-play  in  brasses,  34 ;  middle  of  seat  of  pressure  is  worst  place 
fur  introducing  lubricant,  35. 

Friction,  static  and  dynamic,  1878,  599.     See  Brakes. 

Frisbie  Mechanical  Fire-Feeder,  1876,  318.     See  Fire-Feeder,  Mechanical. 

Fromentin  Automatic  Boiler  Feeder,  1882,  479.     See  Boiler  Feeder. 

Frossard,  C.  E.,  elected  Graduate,  1879,  38. 

Frost,  W.,  elected  Member,  1876,  28. 
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Frovde,  ^Y.,  decease,  1880,  10. — Memoir,  3. 

Dynamometer,  Marine-Engine,  Paper  on  a  new  Dj-namometer  for 
measuring  the  power  delivered  to  the  Screws  of  large  ships,  1877,  237. 
—Appendix,  252.— Remarks,  2G1,  268. 

Expansion,  Variable  Automatic,  1877,  283. 

Eock-Drilling  Machinery,  1877,  217. 
Feoide's  Governok,  1881,  192,  195. 

Fuel  Coxsoiptiox  ix  Locojiotives,  1884,  82.     ^e  Locomotives. 
Flel,   Petroleum  Eefuse    as    Fuel  in  Locomotive   Engines,   1881,   272.     See 

Petroleum  Fuel  in  Locomotives. 
FuxG  Yee,  elected  Associate,  18S3,  180. 
Flknaces.     ^ee  Blast-Furnace  Capacity,  1875,  331.— Blast-Fiirnace  Working, 

1882,  279.— 1883,  93. 
Fi-RNESS,  E.,  elected  Member,  1884,  79. 

Fuexess  HEMATITE  Ieox  Mines,  1880,  3G3,  181,  485,  487.     See  Mines. 
FuEEELL,  E.  "W.,  elected  Member,  1882,  475. 


Gallaxd,  a.,  Ghent,  DescriiJtion  of  Works  &c.  visited,  1883,  5G1. 

G ALTON',  D.,  Armour,  Construction  of,  1879,  74. 

Brakes,  First  Paper  on  the  Effect  of  Brakes  upon  railway  trains,  1878,  4G7. 
— Eemarks,  479,  488. 

Second  Paper  on  ditto,  1878,  590. — Eemarks,  GIG,  G30. 
Third  Paper  on  ditto,  1879,  170.— Eemarks,  194,  215. 
Bridge,  Erection  of,  over  river  Dal,  187G,  51. 
Eailway  Working,  Economy  of,  1879,  144,  151. 

Galwey,  J.  W.  DE  v.,  elected  Member,  1880,  9. 

Ganga  Eam,  Lala,  elected  Member,  1884,  408. 

Gaedens,  Xueseey,  L.  van  Houtte's,  visited  at  Summer  meeting,  Belgium,  1883, 
517,  5G7. 

Garrett,  F.,  elected  Member,  1882,  254. 

Gaeeett,  E.,  elected  Member,  1882,  254.— Memoir,  1884,  400. 

Gas-Exgixe,  Atmospheric,  Paper  on  Otto  and  Langen's  Atmospheric  Gas 
Engine,  and  some  other  gas  engines,  by  Francis  W.  Crossley,  1875,  191. — 
Principle  of  Otto  and  Langen's  engine,  the  "free  piston,"  191. — Other 
type  of  gas  engines  acting  by  pressure  of  explosion,  191. — Objections  to- 
driving  by  direct  pressure,  192. — Description  of  atmospheric  gas  engine, 
191. — Eeciprocatiug  friction  clutch,  195. — Slide-valve  for  admitting  and 
exploding  the  gas,  19G. — Governor  regulating  the  interval  between  each 
stroke,    197.  —  Improved    governor     giving    complete    control,    197.  — 
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Oas-Engine,  Atmosphekic  (coutiimc;d). 

Comparison  with  steam  engine,  198 — Greater  power  of  gas  than  of  steani 
per  heat  unit,  199. — Indicator  figures  from  gas  engines,  200. 

Discussion. — Cowper,  E.  A.,  Leakage  of  piston  caused  by  deposit  in 
cylinder,  201 ;  direct  pressure  of  explosion  not  so  applicable  for  driving  as 
vacuum  principle,  202. —  Paget,  A.,  Atmospheric  j^rinciple  good  for 
iitilising  full  power  of  explosion,  203  ;  wear  of  leather,  and  back-lash  in 
driving  clutch,  204  ;  friction  drum  for  obviating  noise,  20i.— Eeynolds,  E., 
Eeady  means  of  starting,  205;  small  cost  of  working,  205;  noise  made  in 
working  chiefly  caused  by  clutch,  205. — Maw,  W.  H.,  Experiments  with 
difierent  proportions  of  gas  and  air,  205. — Head,  J.,  Action  of  products  of 
explosion  upon  metal  of  cylinder,  206 ;  accumulation  of  tar  in  cylinder, 
206. — Cowper,  E.  A.,  Consumption  of  fuel  compared  with  steam,  207. — 
Carbutt,  E.  H.,  Gas  much  less  expensive  than  steam  for  intermittent 
work,  207. — Eamsbottom,  J.,  Heat  developed  by  explosions  cannot  be 
serious,  208. — Deacon,  G.  F.,  Gas  engines  found  more  economical  for 
intermittent  work  than  small  steam  engines,  208. — Smith,  W.  Ford, 
Effective  pressure  on  piston,  209. — Earasbottcm,  J,,  Effective  pressure,  209. 
— Cowper,  E.  A.,  Trials  of  explosive  mixtures  of  gas  and  air,  210. — 
Tweddell,  E.  H.,  Gas  engine  ought  to  be  compared  with  engines  working 
intermittently,  210. — Simon,  H.,  Number  in  use,  211. — Cochrane,  C., 
Effect  of  gases  on  metal  of  cylinder,  211. — Crossley,  F.  W.,  Small  wear  of 
cylinder,  211 ;  efficiency  of  mode  of  governing,  211  ;  means  of  keeping 
cylinder  clean,  212  ;  limit  to  size  of  engines,  212  ;  theoretical  efiiciency  of 
engine,  212;  durability  of  friction  clutch,  213;  comparative  cost  of 
working  gas  engine  and  small  steam  engine,  213;  wear  of  cylinder,  211 ; 
separate  combustion  chamber  not  advisable,  215. — Bramwell,  F.  J., 
Advantage  over  otber  gas  engines,  215  ;  gas  much  cheaper  than  water  for 
working  engines  of  small  power,  216;  explotive  mixtures  of  various 
proportions,  216;  advantage  of  free  piston  for  utilising  force  of  explosion, 
216. 

Gas  Exhacstek,  Greindl  rotary,  1878,  462. 

Gasholders  at  Manchester  Gas  Works,  1881,  620. 

Gases  OccLrDED,  in  copper,  1880,  412. — In  palladium,  232,  410.— In  platinum, 
415.— In  silver,  410.— In  steel,  155,  158,  228,  2.32,  402,  404,  409,  410,  414. 
See  Steel. 

Gas  Woeks,  Paris,  visit  to,  1878,  547.— Cardiff,  1884.  366. 

Gauge,  Paper  on  a  Standard  Gauge  for  High  Pressures,  by  G.  Marie,  1880,  455. — 
Increasing  use  of  higher  pressures,  455. — Metallic  gauges,  difficulties  of 
graduation,  455.  —  Open-tube  manometer,  455.  —  Standard  gauges  with 
compressed-air,  with  differential  pistons,  and  with  loaded  valves,  45G. — 
New   system   of  piston-gauge,  457.— Leakage,  friction,  and  lubrication, 
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Gavge  (coutinued). 

4oS.  —  General  arrangement,  459.  —  Objections  to  new  gauge,  and 
calculation  of  errors,  459. —  Elimination  of  friction  from  dirt,  4G0. — 
Friction  of  metallic  gauges,  4G1. — Frictionless  spiral  gauge,  461. — 
AccuiMcy  of  new  standard  gauge,  4G2. — Applications  of  new  system,  462. — 
Appendix,  estimate  of  errors,  464-468. — Summary  of  errors,  468. — 
Ajiplicatiou  to  actual  apparatus,  469. 

Discussion. — Allan,  A.,  Description  of  air-spring  pressure-gauge,  470 ; 
inaccuracy  of  ordinary  pressure-gauges,  471. — Eo.s3,  J.  A.  G.,  Earlier 
gauge  of  same  kind,  and  difficulty  from  grit,  472  ;  what  provision  for 
change  of  temperature  in  air-spring  gauge,  472. — Allan,  A.,  Xo  serious 
development  of  heat,  472  ;  means  of  replenishing  aii*  in  gauge,  472. — 
Eoss,  J.  A.  G.,  Absorption  of  air  by  water  in  air-spring  gauge,  472. — 
Allan,  A.,  Xo  absorption  in  practice,  472. — Maw,  W.  H.,  Gooch's 
combined  pressure-.::  auge  and  safety-valve,  473. — Cowper,  E.  A.,  Gauging 
of  indicators,  473. — Liithy,  E.,  Hick's  experiments  on  friction  of  leathers, 
473 ;  "NVhitwortli's  piston-gauge,  and  Fogg's  mercurial  gauge,  473  ; 
appaialus  for  measuring  friction  of  leather  collars,  473. — Humphrys,  J., 
Difficulty  from  dirt  to  be  obviated  by  using  oil,  474. — Ellington,  E.  B., 
Similar  gauge  for  chain-cable  testing,  but  not  superseding  dead  weights, 
474. — Tweddell,  E.  H.,  Value  of  theoretical  ihvestigation  in  confirming 
practice,  474 ;  accumulator  best  pressure-gauge  for  hydraulic  machinery, 
474 ;  pressure-gauge  with  two  independent  pointers,  475 ;  indicator 
diagrams  at  high  pressures,  475. — Marie,  G.,  Air-spring  for  low  pressures 
only,  475 ;  dirt  obviated  by  filtering  water,  475 ;  principle  of  standard 
gauge  is  that  of  Watt's  indicator,  475  ;  new  method  for  measuring  friction, 
475;  friction  in  pistons  packed  with  diaphragms,  476;  standard  gauge  not 
for  daily  use,  476 ;  recent  test  of  accuracy  with  open-tube  gauge,  476. 

GArcE,  Eailway,  Paper,  Notes  on  the  early  history  of  Eailway  Gauge,  by  "W. 
Pole,  1875,  66. — Origin  of  railway  gauge,  flange  wheels  on  tramways, 
67. — Stockton  and  Darlington  gauge  adhered  to  on  other  railways,  68. — 
Body  of  first  railway  vehicles  within  the  wheels,  69. — Width  increased  by 
bodies  overhanging  the  wheels,  70. — Origin  of  the  6  ft.  s^Dace  between  up 
and  down  lines,  71. — Eeasons  for  adopting  7  ft.  gauge,  73. — Points  of  gauge 
controvers}',  74. — Superiority  of  broad  gauge,  74. — Evil  of  the  break  of 
gauge,  74. — Importance  of  returning  to  the  loose  wheel  for  curves,  75. — 
Objection  to  further  narrowing  of  the  gauge,  75. 

Discussion. — Bramwell,  F.  J.,  Mechanical  objection  to  vehicles 
overhanging  the  wheel-base,  77. — Cowper,  E.  A.,  Narrow  gauge  more 
convenient  and  cheaper  working  than  broad,  77;  early  plans  proposed  on 
broad  gauge  not  found  to  answer,  78 ;  narrow-gauge  engines  attain  as 
high  a  speed  as  broad,  79 ;  broad  gauge  being  finally  abandoned,  SO. — 
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Armstrong,  Joseph,  Variation  in  early  gauges,  SO ;  construction  of  earlr 
veliicles  on  Liverpool  and  ^lanchester  line,  81 ;  working  of  broad  gaugi- 
not  more  expensive  than  of  narrow  on  Great  Western,  81 ;  designs  of  early 
large  locomotives  for  broad  gauge,  82. — Webb,  F.  W.,  Alteration  of 
gauge  on  Wylam  line,  82] ;  distance  between  up  and  down  lines,  83. — 
Coode.  Sir  J„  Origin  of  gauge  on  Liverpool  and  Manchester  line,  83  ;  early 
large  locomotives,  84 ;  Great  Western  Eailway,  original  permanent  way,  84. 
— Armstrong,  Joseph,  Alteration  of  gauge  on  Stockton  and  Darlington,  84. 
— Bany,  J.  W.,  Cost  of  working  broad  gauge  less  than  that  of  narrow,  84  : 
loose  wheels  upon  railway  axles  very  desirable,  85. — Eobinson,  John. 
Great  variety  of  gauge  in  other  countries,  8.5 ;  narrow  gauge  originally 
adopted  accidentally,  86 ;  loose  wheels  very  desirable,  87. — Poole,  W., 
Origin  of  present  type  of  railway  vehicle,  88 ;  Brunei's  object  in  widening 
the  gauge,  88 ;  loose  wheels,  point  of  superiority  in  road  type  of  vehicle, 
88. — Bramwell,  F.  J.,  Particulars  of  various  gauges,  89 ;  consideration  of 
mechanical  objection  to  vehicles  overhanging  the  wheel  base,  89 ;  advantage 
of  loose  wheels,  90. 

Gauge,  K.vilwat,  Supplement  to  Notes  on  the  early  history  of  Eailway  Crauge. 
respecting  the  origin  of  the  4  ft.  83  inch  gauge,  communicated  by  W.  P. 
Marshall,  Secretary,  1877,  158. — Original  railway  gauge  was  4  ft.  8  in. 
instead  of  4  ft.  8J  in.,  158. — Stockton  and  Darlington  railway  originally 
4  ft.  8  in.  gauge,  158. — Alteration  of  gauge  carried  out  gradually,  159. — 
Early  colliery  lines  also  4  ft.  8  in.  gauge,  160. — Liverpool  and  Manchester 
railway  commenced  with  4  ft.  8  in.  gauge,  IGO. — Conical  tyres  first  used  on 
Liverpool  and  3Ianchester  railway,  requiring  increas.?d  play  between  rails, 
161. — Addition  of  half  inch  for  this  purpose,  making  4  ft.  8i  in.  gauge. 
161. — Several  succeeding  railways  originally  4  ft.  9  in.  gauge,  161. — 
Newcastle  and  Carlisle  railway  4  ft.  8  in.  gauge  on  first  portion,_162. 

Geach,  J.  J.,  elected  Member,  1878,  107.— Memoir,  1884,  401. 

Eock-Drilling  Machinery,  Paper  on  the  Mechanical  Appliances  used  in  the 
construction  of  the  heading  under  the  Severn  for  the  Severn  Tunnel 
Eailway,  1877,  206.— Eemarks,  216,  217,  218. 
Tj-newydd  Colliery  Inundation,  1877,  228, 

Geaeisg,  Eope,  1876,  372.    See  Eope  Gearing. 

Geoghega^',  S.,  elected  Member,  1880,  310. 

Geoedie  Safety  Lamp,  1879,  221.     See  Safety  Lamps. 

Ghent,  Works  &c.  visited  at  Summer  meeting,  Belgiiim,  1883,517.  Description 
of  Works,  by  A.  GaUand,  564.— Cotton  Mills,  564.— Flax  and  Tow.  Mills, 
565. — Cotton  Spinning  Works,  565. — New  Deck  Works,  566. — Nursery 
Gardens,  567. — Engine  Works,  5'38. 

Gibbons,  B.,  decease,  1874,  2. — Memoir,  19. 
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Gibbons,  C.  K.,  elected  Graduate,  1883,  594. 

Gilchrist,  P.  0.,  elected  Member,  1883,  309. 

Gill,  C,  elected  Member,  18S0,  310. 

GiLLETT,  J.,  elected  Member,  1876,  57. 

GiMSON,  A.  J.,  elected  Member,  1884,  79. 

GiMSON,  J.,  elected  Member,  1878,  293.— Decease,  1884,  3.— Memoir,  63. 

Hydraulic  Machinery,  Toulon,  1878,  387. 
GiRDLESTOXE,  J.  W.,  elccttd  Member,  1884,  79. 
GntDwooD,  W.  W.,  elected  Member,  1881,  1G3. 
Gjers,  J.,  elected  Member,  1874,  101. 

Glamorgan  Coal  Co.'s  Llwynypia  Colliery,  Ehondda  Valley,  1874,  234. 
Glasgow  Meeting,  Invitation,   1879,  51,  218. — Meeting,  395. — Ecception,  395. 

— Votes  of  thanks,  5G3. — Works  visited  and  Excursions,  567. — Dinner, 

576. 
Glass,  Toughened,  De  la  Castie's,  1879,  226,  236. 

G-LASS  Works,  Val  St.  Lambert,  visited  at  Belgian  meeting.  1883,  513,  544, 
Godfrey,  W.  B.,  elected  Member,  1880,  185. 
Goldsmith,  A.  J.,  elected  Member,  1882,  145. 
GoLDSwoRTHY,  K.  B.,  elected  Member,  1879,  583. 
Good,  H.,  elected  Member,  1884,  408. 
Goodbody,  K.,  elected  Member,  1877,  165. 
Goodfellow,  G.  B.,  elected  Member,  1875,  314. 
Goodger,  W.  W.,  elected  Member,  1884,  80. 
Gordon,  E.,  elected  Membt^r,  1875,  05. 

South-Wales  Mineral  Wagons,  1884,  432. 

Testing    Current-Meters,    Pa-per    on   the   Apparatus    used  for  Testing 
Cuircnt-Meters,  at  the  Admiralty  Works  at  Torquay  for  experimenting 
on  models  of  ships,  1884,  190.— Eemarks,  195. 
Gorman.  W.  A.,  elected  Member,  1879, 155. 

Cold  Air,  Machines  for  producing,  1881.  127. 

Diving  Appliances,  Paper  on  Appliances  for  Working  under  Water  or  in 
Irrespirable  Gases,  1882,  179.— Eemarks,  189,  193,  194,  201. 

Eaising  of  wreck  "  Edith,"  1878,  130. 
Gottschalk,  a.,  elected  Member,  1880,  310. 

Locomotives,  Compound,  1883,  449. 
Goulty,  W.  E.,  elected  Member,  1877,  165. 
Governor,  Froude's,   1884,   192,  195.     See  Testing  Current-Meters.     Knowlcs 

Sui^plementary  Governor,  1884,  157.     See  Engine  Eecorder. 
Governor,  Marine,  Pajjer  on  the  Pneumatic  Marine  Governor,  by  D.  J.  Dunlop, 

1879,  406. — Importance  of  governor  for  screw  steamers,  406. — Governors 

worked    by   acceleration    not   sulHcient    for    compound    engines,    407. — 

Descrii^tion  of  pneumatic  marine  governor,  407. — Ajjplication,  408. 
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Paper  on  the  "  Yelometer "  goTernor  for  marine  and  stationary  engines, 
by  F.  W.  Durham,  1879,  410. — Ordinary  governors  not  sensitive  enough  for 
compound  marine  engines,  410. — Description  of  "  Velometer  "  governor, 
410. — Action  of  ditto,  411. — Arrangement  for  Avorking  ditto  by  pitching  of 
ship,  412. — Equilibrium-valve  arrangement  for  large  compound  engines, 
412. — Marine  governor  shoidd  be  kept  always  at  work,  413. — Arrangement 
of  governor  for  stationary  engines,  413. 

Discussion. — Wilson,  E.,  Principle  of  pneumatic  governor  correct,  415. — 
Boyd,  W.,  Danger  of  equilibrium-valve  as  proposed  for  velometer,  415. 
— Cowper,  E.  A.,  Is  not  pneumatic  governor  rather  slow  in  action,  415 ; 
Jensen's  marine  governor,  41 G;  no  practical  danger  from  equilibrium- 
valve  with  velometer  governor,  416 ;  bevel  gearing  same  as  in  White's 
dynamometer,  416. — TJnwin,  "W.  C,  Small  air-pump  might  be  better  than 
large  air-vessel  of  pneumatic  governor,  417. — Gray,  J.  M.,  Earlier  designs 
of  marine  governors  somewhat  simUar,  417. — Hill,  L.,  Hydraulic  governor 
for  retarding  railway  trains,  41S  ;  governing  marine  engines  by  pitching 
of  ship  originally  applied  by  Mr.  Waddell,  418. — Dunlop,  D.  J.,  Action  of 
pneumatic  governor  very  rapid,  419  ;  size  of  air-vessel  and  air-pipe,  419  ; 
largest  size  of  governor,  419;  delicacy  of  action,  419;  use  of  air-pump 
instead  of  air-vessel  not  practicable,  420 ;  extent  of  application,  420 ; 
disadvantage  attending  previous  applications  of  the  principle,  420  ;  water 
communication  not  quick  enough  in  action,  421.  —  Durham,  F.  W., 
Equilibrium-valve  produces  no  sudden  check,  421 ;  extent  of  application 
of  velometer,  421. — Eobinson,  J.,  Utility  of  both  forms  of  governor,  421. 
GovEKN-OR   for  Water  Pressure,  Foulis',   1879,  423.— Barton  and  Wests',  434. 

See  Water  Pressure. 
GovEKyoEs  regulating  Expansion,  1882,  408.    See  Expansion  Gear. 
GowAx's  permanent  way  for  Tramways,  1880,  197.    See  Tramways. 
GowESLOCK,  A.  H.,  decease,  1883,  36. — ilemoir,  IS. 
GKAFToy,  A.,  elected  Member,  1878,  31. 
Graecger,  J.  X.,  decease,  1882,  17. — Memoir,  8. 
GRA3UIE   Dt>-a3io-Electric  Machixe,  1878,  530,  54?.— 1880,  267,  269,  274-6, 

283,  284.    See  Electric  Lighting. 
Gravixg  Docks.  1884,  233.    See  Docks. 
Gray,  J.  McF.,  Cold-Air,  Machines  for  producing,  1S81,  128. 
Governors,  1879,  417. 
Harvesting  Machinery,  1881,  52. 
Locomotives,  Compound,  1879,  362,  388. 
Power  Transmission  by  Kopes,  1874,  71. 
Eaising  of  Wreck  "  Edith,"  1878,  133. 
Secretary,  appointment,  1884,  78. 
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Water  Pressure  Eegulators,  1879,  437. 
Gray,  J.  "W.,  elected  Member,  1876,  197. 
Gray,  T.  L.,  elected  Member,  1879,  583. 
Geeathead,  J.  H.,  elected  Member,  1879,  155. 

Injector  Hydrants,  Paper  on  Injector  Hydrants  for  fire  extinction,  1879, 
361.— Eemarks,  891. 
Great  Western  Colliery  visited  at  Summer  meeting,  Cardiff,  1884,  357,  369. 
Great  Western  Locomotive  and  Carriage  Works  at  Swindon,  1877,  298. 
Great  Western  Eailway,  original  proposal  of  construction,  1875,  78,  84. 
Greaves,  J.  H.,  decease,  1880,  10. — Memoir,  5. 
Geeenhill,  a.  G.,  Shafting,  Taper  on  the  Strength  of  Shafting  when  exposed 

both  to  Torsion  and  to  End  Thrust,  1883,  182.— Kemarks,  210,  224. 
Greenwood,  A.,  elected  Member,  1878,  293. 

Wool-Combing  IMachmery,  1882,  227. 
Greenwood,  J.,  elected  Associate,  1875,  190. 
Greenwood,  T.,  decease,  1874,  2. — Memoir,  20. 
Greenwood,  W.  H.,  elected  Member,  1874,  55. 
Greig,  a.,  elected  Graduate,  1878,  294. 
Greig,  D.,  elected  Member  of  Council,  1878,  29.-1881,  30.— 1884,  21. 

Feed. Water  Heater  and  Filter,  1881,  546. 

Hydraulic  Machinerj^  Toulon,  1878,  383. 

Hydraulic  Machinery,  Workshop,  1874,  189. 

Iron  and  Steel  for  Boilers,  Paper  on  experiments  referring  to  the  use  of 
Iron  and  Steel  in  high-jsressure  Boilers,  1879,  268. — Eemarks,  303, 
322,  324. 

Mining  Machinery,  1882,  365. 

Steam-ship  "  City  of  Eome,"  1880,  354. 

Testing  Machine,  Single-Lever,  1882,  393. 

Tramways,  Mechanical  Traction,  1878,  427,  433. 
Geeindl  Eotaey  Pcmp,  1878,  440.    See  Pump,  Greindl  Eotary. 
Geesham,  J.,  elected  Member,  1880,  310. 

Injector,  Automatic,  1884,  180. 
Geew,  F.,  elected  jMember,  1883,  179. 
Geew,  N.,  elected  Member,  1874,  55. 
Geice,  F.  G.,  decease,  1882,  17. — Memoir,  8. 
Geiffiths,  J.  E.,  elected  Member,  1884,  SO. 
Griffiths,  J.  E.,  elected  Member,  1874,  101. 
Grose,  A.,  elected  Member,  1879,  155. 
Grosvenoe,  Et.  Hon.  Lord  E.,  elected  Associate,  1878,  293. 
Gkundy,  E.,  elected  Member,  1877, 165. 
Grundy,  E.  D.,  elected  Member,  1876,  347. — Decease,  ISSO,  10. — Memoir,  5. 
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GuiNOTTE,  L.,  elected  Member,  1883,  593. 

Collieries,  Mariemont  and  Bascoup,  1883,  570. 
GuLLAND,  J.  K.,  elected  Member,  1884,  198. 
Guns.     See  Steel,  Fluid  Compressed,  and  Guns,  1875,  2G8. 
GuEDEN,  C.  F.,  decease,  1875,  3. — Memoir,  25. 
GuTCH,  G.  A.,  Brakes,  Automatic  Action,  1880,  117-128. 
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Hadfield,  R.,  elected  Member,  1879,  155. 

HEMATITE  Iron  Mines,  Furness,  1880,  363,  484,  485,  487.     See  Mines. 

Haeelem  Lake,  compound  Cornish  pumping  engine,  1874,  265. 

Hagqakd,  F.  T.,  Brakes,  Effect  of,  upon  railway  trains,  1878,  622. 

Haggie,  D.  H.,  elected  Associate,  1880,  310. 

Hailstone  Quarry,  Basalt,  1876,  336. 

Hall,  A.  F.,  elected  Member,  1884,  1. 

Hall,  J.,  decease,  1877,  2. 

Hall,  J.  F.,  elected  Member,  1879,  583. 

Hall,  J.  P.,  elected  Member,  1881,  163. 

Hall,  J.  W.,  elected  Member,  1882,  254. 

Hall,  T.  B.,  elected  Member,  1874,  55. 

Boiler,  Lancashire,  1876,  119. 
Hall,  W.  S.,  Boiler,  Lancashire,  1876,  109. 

Brakes,  Effect  of,  upon  railway  trains,  1878,  624. 

Drilling  Machines,  Paper  on  Drilling  Machines  used  for  boiler  work,  1878, 
565.— Eemarks,  577,  588. 

Engines,  Winding,  Direct-Acting,  1875,  238. 

Iron  and  Steel  for  Boilers,  1879,  316, 

Mining  Machinery,  1882,  375.  ' 

Eiveted  Joints,  1881,  2G9. 

Steam-ship  "  City  of  Rome,"  1880,  348. 

Steel,  Chernoff's  papers,  1880,  233. 

Ventilators  for  Mines,  Mechanical,  1875,  328. 

Watt,  Inventions  of  James  Watt,  1883,  629. 
Hall's  Portable  Boiler-Shell  Drilling  Machine,  1878,  572,  575,  576,  577, 

588. 
Hallett,  J.  H.,  elected  Member,  1880,  489. 

BoUer  Corrosion,  Paper  on  the  Causes  and  Remedies  of  Corrosion   in 
Marine  Boilers,  1884,  331.— Eemarks,  347. 
Halpin,  D.,  Boiler  Feeder,  Fromentin  Automatic,  1882,  495. 

Diving  Appliances,  1882,  192, 194. 
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Halpik.  D.  (continued). 

Dock,  Victoria  Floating,  1878,  177,  181,  182. 
Expansion  Gear,  Automatic,  1882,  434. 
Friction  Experiments,  1883,  657. 
Hydraulic  Machinery,  Marine,  1874,  43. 
Injector,  Automatic,  1884,  180. 
Locomotive,  Brown's  Tramway,  18S0,  G9. 
Locomotives,  Compound,  1883,  455. 
Locomotives,  Fuel  Consumption,  1884,  103,  110. 
Petroleum  Fuel  in  Locomotives,  1884,  31 G. 
Raising  of  wreck  "  Edith,"  1878,  129,  137. 
Riveted  Joints,  1881,  273. 
Testing  Machine,  Single-Lever,  1882,  401. 

Hamblixg,  T.  C,  decease,  1874,  2. — Memoir-,  21. 

Hamilton,  Bailie,  Dredging  in  Clyde,  1879,  564. 
Vote  of  thanks.  Reply  to,  1879,  563. 

Hammers,  Paper  on  Power  Hammers  with  a  Movable  Fulcrum,  by  D.  Longworth, 
1882,  204. — Previous  plans  for  alcering  force  of  blow,  204. — Small 
planishing  hammer,  205. — Medium-size  forging  hammer,  207. — Foot  and 
hand  labour  for  forging  and  stamping,  209. 

Discussion. — Bamlett,  A.  C,  Successful  working  of  hammer,  210. — 
Joy,  D.,  Eflect  of  jar  on  lever  of  hammer,  210 ;  superior  durability  of 
ash-wood,  210. — Smyth,  J.  J.,  Relative  economy  of  steam-hammers  and 
power-hammers,  211. — Paget,  A.,  Wear  of  belt  from  slipping  with  heavy 
blows,  211. — Lloyd,  S.  Z.,  Whether  hammer  used  for  bolts  or  rivets,  212. — 
Longworth,  D.,  Pneumatic  connection  prevents  jar,  212;  absence  of 
piston-rings,  and  freedom  from  wear  and  tear,  212  ;  slip  of  driving  belt 
only  occasional,  212  ;  hammers  not  used  for  bolts  or  rivets,  but  for  forging 
in  dies,  drawing  down,  planishing,  &c.,  213. 

Hammond,  W.  J.,  elected  Member,  1875,  65. 

Haxdyside,  J.  B.,  elected  Member,  1879,  155. — Decease,  1883,  36. — Memoir,  18. 

Haxxat's  Electrogex,  1884,  335,  342,  348,  356.     See  Boiler  Corrosion. 

Harbour  Works,  Taper  on  the  new  Harbour  Works  at  Antwerp,  by  G.  A. 
Eoyers,  1883,  494. — Situation  and  history  of  port,  494. — New  works  in 
progress,  497. — First  section  of  works,  new  basins  for  small  craft,  498. — 
Lock  "between  basins  and  river,  499. — Embankment,  500. — New  quays, 
501.— Quay  wall,  502. — Caissons  for  foundation  of  wall,  503.— Movable 
cofferdam,  and  floating  framework,  504. — Method  of  working,  505. — 
Discharge  of  spoil,  506. — Joggling  of  lengths  of  wall,  507. — Railways  on 
quays,  507. — Hydraulic  machinery  on  quays,  508. — New  dry  docks,  508. — 
Tunnel  for  emptying  ditto,  509. — Hydraulic  macLinery  for  northern  docks, 
509. — Further  dock  extensions,  510. 
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Harboce  Works,  visited  at  Glasgow  meeting ;  Greencck,  1879,  £79. 

Hardcastle,  R.  a.,  elected  Associate,  1874,  256. 

Harding,  AV.  B.,  elected  Member,  1874,  101. 

Hardesghaji,  G,  G.  M.,  elected  Member,  1881,  163. 

Hardy,  J.  G.,  elected  Member,  1883,  33. 

Harker,  H.  H..  elected  Member,  1884,  198. 

Harmax,  H.  W.,  decease,  1876,  3.— Memoir,  20. 

H.uiRis,  H.  G.,  elected  Member,  1879,  155. 

Harris,  W.  W.,  elected  Member,  1877,  71. 

Harris'  Navigatiox  Coal  Co.'s  Colliery,  near  Quaker's  Yard,  diamond  rock- 
drilling  machine,  1874,  249. 

Harrison-,  G.,  elected  Member,  1879,  398. — Decease,  1S7G,  3.— Memoir,  21. 

Harrison,  W.  A.,  memoir,  1884,  402. 

Harrison,  G.,  decease,  1876,  3. — Memoir,  21. 

Hart,  Jajies  (London),  elected  Member,  1874,  101. 

Hart,  Jaiies  (Manchester),  elected  Member,  1877,  26. 

Hart,  F.,  elected  Member,  1883,  309. 

Hart,  N.,  elected  Graduate,  1882,  16. 

Hartley,  J.  W.,  Portable  Railways,  1884,  141. 

Hartnell,  W.,  Dynamometer,  Marine-Engine,  1877,  267. 

Expansion  Gear,  Automatic,  Paper  on  Governing  Engines  by  Regulating 

the  Expansion,  1882,  408.— Remarks,  431,  436,  437,  439. 
Expansion,  Variable  Automatic,  1877,  284,  288. 
Valves,  Safety,  1877,  187. 

Harvesting  Mactiinert,  Paper  on  Harvesting  Machinery,  by  E.  Samuelson, 
1881,  34. — Classification  of  harvesting  machinery,  34. — Mowing  machines, 
35. — Cutting  apparatus,  35. — Parallel  lift  of  cutter  bar,  38. — Balance 
arrangement  for  draught,  39. — General  features  of  design,  39. — Speed  and 
throw  of  knife,  40. — Reaping  machines,  40. — Manual  back-delivery  reaper, 
41. — Combined  mower  and  manual  reaper,  41. — Automatic  back-delivery 
reaper,  42. — Side-delivery  reapers,  43. — Combined  mower  and  side-delivery 
reaper,  45. — Automatic  sheaf-binders,  45. — Different  forms  of  wire-binding 
mechanism,  47. — Ditto  of  string-binding  mechanism,  49. — DifEculties  in 
automatic  binders,  51. 

Discussion. — Samuelson,  E.,  Models  of  machines  &c.,  52.  —  Cowper, 
E.  A.,  Diagrams  are  a  sample,  52. — Gray,  J.  IMcF.,  Colouring  of  diagrams, 
52. — ^Adamson,  D.,  Tractive  power  for  different  crops  &c.,  52 ;  what  becomes 
of  wire,  and  how  are  wire-boimd  sheaves  undone,  53. — Rich,  W.  E.,  Draught 
and  other  statistics  for  reaping  machines,  53. — Bale,  IM.  P.,  Circular  saw 
for  cutting  fingers,  54  ;  cutting  of  crops  higb  above  ground,  54. — Paget,  A,, 
Unexplored  ground  in  this  subject,  54. — Samuelson,  E.,  Pliers  for 
undoing  wire-bound  sheaves,  54  ;  string-binders  preferable,  55  ;  machines 
cutting  high  above  ground,  55 ;  saw  for  slotting  fiiigers,  55. 
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Harvey,  C.  K.,  elected  Member,  1882,  475. 

Haevey,  K.,  elected  Member,  1883,  33. 

Haewood,  E.,  elected  Member,  1878,  558. 

Hasard  Collieeies,  visited  at  Summer  meetiug,  Belgiiim,  1883,  515,  531. 

Haskins,  J.  F.,  elected  Member,  1882,  145. 

Brakes,  E£fect  of,  upon  railway  trains,  1879,  207. 
Haslam,  a.  S.,  elected  Member,  1881,  9. 
Hasltjck,  p.  N.,  elected  Associate,  1884,  199. 
Hastie,  J.,  Water-Power  Engines,  Paper  on  Water-Power  Engines  with  variable 

stroke,  1879,  484. — Kemarks,  491. — Hoist  shown  in  operation,  577. 
Haswell,  J.  A.,  Brakes,  Effect  of,  upon  railway  trains,  1878,  482. 

Locomotive  Eimning  Shed,  1884,  249, 
Haughton,  T.,  elected  Member,  1878,  293. 
Haulage,  Underground,  by  Compressed  Air.    See  Compressed-Air  Machinerj-, 

1874,  204. 
Hauling  Engines,  Fixed  and  Portable,  1874,  207. 
Hauling  Engines,  Hydraulic,  1874,  130. 

Hauzeur-Gerard,  Spinning  Works  for  Carded  Wool,  visited  at  Summer  meeting- 
Belgium,  1883,  515.— Note  on  Works,  550. 
Hawkins,  C.  W.,  decease,  1876,  3.— Memoir,  22. 

Hawksley,  C,  Accidents,  Mine,  Paper  on  Special  Mechanical  Appliances  for 
meeting  the  requirements  of  certain  classes  of  Mine  Accidents,  by  C. 
Hawksley  and  E.  B.  Marten,  1877,  314.— Eemarks,  324,  343. 

Bath,  Floating  Swimming,  1875,  154. 

Boiler  and  Engine,  High-Pressure,  1877,  147. 

Brakes,  Continuous,  for  railway  trains,  1878,  93.  I 

Brakes,  Effect  of,  upon  railway  trains,  1878,  486.— 1879,  213. 

Diving  Appliances,  1882,  192,  195. 

Dredger,  Bazin,  1882,  116. 

Dynamometer,  Marine-Engine,  1877,  265. 

Expansion  Gear,  Correy,  1878,  523. 

Pump,  Greindl  Eotary,  1878,  464. 

Tynewydd  Colliery  Inundation,  1877,  230. 

Water  Meters,  1882,  89. 

Water-Pressure  Mining  Engines,  1880,  257. 

Water  Supply  from  Chalk,  1876,  172. 
Hawksley,  T.,  elected  Vice-President,  1874,  26.— 1875,  34.— President,  1876, 
26,  27.— 1877,  25. 

Accidents,  Mine,  Mechanical  Appliances  for,  1877,  347. 

Address,  Presidential,  1877,  167. 
Axlcbox,  Eadial,  1877,  313. 
Bath,  Floating  Swimming,  1875,  151. 
Blast-Furnace  Capacity,  1876,  44. 
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Ha  WESLEY,  T.  (continued). 

Boiler,  Lancashire,  1876,  125. 

Boiler  and  Engine,  High-Pressure,  1877,  124,  142,  150,  155. 
Bridge,  Erection  of,  over  the  river  Dal,  187G,  54,  55. 
Condenser,  McCarter,  1876,  310,  311,  817. 
Dynamometers,  1876,  241,  243. 
Dynamometer,  Maruie-Engine,  1877,  263,  268. 
Filter,  Farquhar,  1881,  155,  157,  158,  159,  161. 

Fire-Feeder,  Frisbie  Mechanical,  1876,  321,  327.  i 

Iron,  Homogeneoii?,  1877,  91. 
Power  Transmission  by  Eopes,  1874,  75. 
President,  on  retiring  from  oflSce,  1878,  32. 
Pressure-Intensifying  Apparatus,  1878,  62. 
Puddling,  Mechanical,  1876,  295. 
Eock-Drilling  Machinery,  1877,  216,  217,  218. 
Kope  Gearing,  1876,  382,  397,  400. 
Kules,  1874,  32.— 1879,  44,  45. 
Steel  Boiler  Experiments,  1878,  258,  260. 
Tuyere,  Open  Spray,  1876,  365,  371. 
Tynewydd  Collier}-  Inundation,  1877,  227,  231,  235. 
Votes  of  thanks,  1878,  33.— To  retiring  President,  1884,  24. 
"Water  Meters,  1882,  70,  79,  82. 
Water  Supply  from  chalk,  1876,  170,  176. 
Hawthoks-,  T.,  elected  Member,  1880,  9.— Decease,  1881,  11.— Memoir,  4. 
Hayes,  E.,  elected  Member,  1882,  254. 
Hayes,  J.,  elected  Member,  1879,  38. 

Boiler  Feeder,  Pajser  on  the  Fromentin  Automatic  Boiler  Feeder,  1882, 
479.— Kemarks,  485,  488,  495,  497,  498. 

Steel  Compression  by  Steam,  1880,  411. 
Hayter,  H.,  elected  Member,  1880,  185. 

Eaising  of  wreck  "  Edith,"  1878,  132. 
Head,  Jekemxah,  elected  Member  of  Council,  1874,  26. — 1876,  26. — 1879,  36. — 
Vice-President,  1880,  24.— 1883,  53. 

Accidents,  Mine,  Mechanical  Appliances  for,  1877,  339. 

Boiler  Feeder,  Fromentin  Automatic,  1882,  491. 

Boiler,  Lancashire,  1876,  104,  108,  115. 

Boiler  and  Engine,  High-Pressure,  1877,  130. 

Boilers,  Non-conducting  covering,  1874,  277. 

Brake,  Automatic  Screw-Brake,  1882,  509. 

Bridge,  Erection  of,  over  the  river  Dal,  1876,  53. 

Cultivation  by  Horses,  1880,  550. 

Cutting  of  Metals,  1883,  257. 
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Head,  Jehemiah  (continued). 

Diving  Appliances,  1SS2,  191,  198. 

Docks,  Cardiff,  1874,  137. 

Docks,  Pumping  Machinery,  1874,  158. 

Drilling  Machines  for  Boiler  Work,  1878,  582,  583. 

Engines,  Pumping,  Direct-Acting,  1874,  277. 

Engines,  Winding,  Direct-Acting,  1875,  233. 

Exhibition,    Eeport    on    the  North-East    Coast    Exhibition    of   Marine 

Engineering,  &c.,  1882,  472. 
Feed-Water  Heater  and  Filter,  1881,  548. 
Gas  Engine,  Atmospheric,  1875,  206. 
Iron,  Homogeneous,  1877,  87. 
Lifts,  Hydraulic,  1882,  165. 

Locomotives,  Francq's  Tireless,  for  Tramways,  1879,  633. 
IMarine  Engine,  1881,  495. 
Mining  Machiner}-,  1882,  374. 
Petroleum  Fuel  in  Locomotives,  1884,  311. 
Plate  Polling  Machinery,  1880,  91. 
Pressure-Intensifying  Apparatus,  1878,  57. 
Puddhng,  Mechanical,  1876,  266,  281,  284. 
Eiveted  Joints,  1881,  269,  270,  279, 
Pope  Gearing,  1876,  393. 
Pules,  1876,  31.— 1877,  38.— 1878,  37.-1880,  33. 

Secretary,  Vote  to  late,  1878,  113. 

South-Wales  Mineral  Wagons,  1884,  435. 

Steel  Boiler  Experiments,  1878,  246. 

Steel,  Chernoff's  papers,  1880,  238. 

Steel  Plant,  Bessemer,  1881,  640. 

Testing  Machine,  Single-Lever,  1882,  391. 

Thrashing  Machines,  1881,  396. 

Traction  Engines  in  India,  1879,  516. 

Tramways,  Mechanical  Traction,  1878,  431. 

Tramways,  Permanent  Way,  1880,  214. 

Tuyere,  Open  Spray,  1876,  367. 

Valve-Gear,  Joy's,  1880,  441, 

Ventilators  for  jMines,  Mechanical,  1875,  330. 

Ventilator,  Roots'  Mine,  1877, 108. 

Vote  of  thanks  to  retiring  President,  1882,  35. — to  Prtsident  for  Address, 
1884,  224. 

Water  Meter,  Barton  and  West's,  1879,  452. 

Watt,  Inventions  of  James  Watt.  1888,  626. 

Wood- Working  Machinery,  1875,  264. 
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Head,  John,  decease,  1882,  17.— Memoir,  8. 

Heap,  W.  E.,  elected  Member,  1878,  31. 

Heater  and  Filter  for  i'eed- Water,  1881,  539.  See  Feed- Water  Heater  aud 
Filter. 

Heath,  A.  M.,  elected  Graduate,  1882,  16. 

Heaton,  a.,  elected  Graduate,  1877,  299. 

Hedges,  K.  W.,  elfected  Member,  1878,  107. 
Electric  Lighting,  1880,  282. 
Electricity  for  Coal  Mining,  1883,  435. 

Hedley,  H.,  elected  Graduate,  1874,  27. 

Hedley,  T.,  elected  Graduate,  1874,  27. 

Heenan,  E.  H.,  elected  Member,  1875,  189. 

Helical  Pump,  1874,  28J.     See  Pump,  Helical.  , 

Hemp  Packing  for  Hydraulic  Machines.     See  Packing. 

Henchman,  H.,  elected  Member,  1879,  155. 

Henderson,  J.  B.,  elected  Member,  1883,  309. 

Henderson,  W.,  elected  Graduate,  1883,  34. 

Henesey,  E.,  elected  Member,  1878,  558. 

Henriques,  C.  Q.,  elected  Graduate,  1879,  584. 

Hepburn,  G.,  elected  Member,  1875,  35. 

Heppell,  T.,  elected  Member,  1876,  347. 

Hepworth,  T.  H.,  elected  Member,  1877,  72. 

Hernu,  a.  H.,  elected  Member,  1884,  80. 

Hervey,  M.  W.,  elected  Member,  1884,  80. 

Hesketh,  E.,  elected  Graduate,  1879,  398. 

Heslop  Engine,  Paper  on  the  Heslop  Engine,  a  chapter  in  the  history  of  the 
steam  engine,  by  H.  A.  Fletcher,  1879,  85.— Original  bpecification  of  Heslop 
engine,  85.— General  description,  80.— Engines  known  to  have  existed  ou 
the  Heslop  principle,  88.— Description  of  last  surviving  engine,  91. — 
Career  of  Heslop,  92. 

Discussion.— F\eic\\ex,  H.  A.,  The  engine  has  now  been  removed  to  South 
Kensington  Museum,  95.— Robinson,  J.,  Object  of  loading  both  pistons 
■with  same  weight,  94.— Paget,  A.,  This  arrangement  only  in  engines 
having  chain  connections  to  the  beam,  94.— Fletcher,  H.  A.,  Chain  at  that 
time  only  known  mode,  except  Watt's,  of  connecting  pistons  with  beam, 
94-— Heslop  engine  built  for  driving  machinery  at  Lowca  Works, 
Whitehaven,  95.— Eobinson,  J.,  Members  might  visit  engine^  at  South 
Kensington,  95. 

Hetherington,  T.  E.,  elected  Member  of  Council,  1877,  25. 
Drilling  Machines  for  Boiler  Work,  1878,  581. 
Pressure-Intensifying  Apparatus,  1878,  63. 

He-wett,  E.  E.,  memoir,  1884,  473. 
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Hick,  J.,  elected  Vice-President,  1874,  26.— 1875,  34.— 1876,  26. 

High-Pkessuee  Boilek  AST)  ExGiNE,  1877,  117.  See  Boiler  and  Engine,  High- 
Pressure. 

High-Pressure  Boilers,  1879,  268.     See  Iron  and  Steel  for  Boilers. 

High-Peessl'RE  Vessels,  Paper  on  the  construction  of  Vessels  to  resist  High 
internal  Pressure,  by  C.  W.  Siemens,  1878,  271. — Kiveted  joints  are  a 
source  of  weakness  for  high  pressure,  271. — Principle  of  design  for  air 
reservoir  at  high  pressure,  272.  —  Description  of  vessel,  272. — Testing 
of  vessel,  272. — Bolts  not  to  be  made  too  tight,  273. — Same  principle 
applied  to  hydraulic  cylinders  and  accumulators,  274. — Ditto  to  marine 
boilers,  274. — Means  of  preventing  galvanic  action  between  copper  and 
steel  rings,  275. 

Discussion. — Siemens,  C.  TV.,  Each  ring  only  requires  one  groove 
turning  in  it  at  each  end,  275. — Crampton,  T.  E.,  Size  of  copper  packing 
rings,  276.  —  Weems,  AV.,  Former  compound  cylinder  for  hydraulic 
pressure,  276 ;  galvanic  action  between  copper  and  steel  is  not  of  practical 
importance,  277 ;  large  hydraulic  presses  for  wood  carving,  277. — 
Tweddell,  K.  H.,  Leather  or  hemp  is  better  than  copper  rings  for  joints,. 
277  ;  advantage  of  long  through  bolts  is  doubtful,  278. — Bramwell,  F.  J., 
Through  bolts  are  better  than  separate  bolts  or  rivets,  278  ;  means  of 
testing  uniformity  of  strain  on  bolts,  278 ;  vacuum  pump  made  without 
flanges,  278 ;  marine  boiler  made  in  way  described  would  have  great 
advantage,  279. — Adamson,  D.,  System  described  for  marine  boilers  would 
fail  from  unequal  esijansion,  280  ;  vessels  would  be  better  constructed  of 
welded  plates  without  joints,  281. — Olrick,  L.,  Method. of  making  boiler 
absolutely  tight  for  ammonia,  281 ;  great  difficulty  in  making  vessel  air- 
tight, 281  ;  galvanic  action  met  with  in  cojjper  tubes,  282. — Cowper,  E.  A.,. 
Means  of  detecting  air  leak,  283. — Weems,  W.,  Difficulty  in  making  vessel 
air-tight,  283. — Flannery,  J.  F.,  Application  of  system  to  marine  boilers^ 
284 ;  improvements  in  construction  by  welding  plates,  284. — Paget,  A., 
Question  as  to  strength  of  metal  strained  in  two  directions  at  once,  284. — 
Boyd,  W.,  Difficulty  in  keeping  screws  all  equally  tight,  and  preventing 
boiler  rings  from  moving,  285.— Siemens,  C.  W.,  Leather  and  hemp  joints 
would  not  stand  very  high  pressure,  286. — Tweddell,  K.  H.,  Proposed 
leather  or  gutta-percha  packing  ring,  instead  of  copper,  268. — Siemens, 
C-  W.,  Copper  packing  rings  answer  remarkably  well,  286 ;  less  length  of 
joint  in  this  construction  of  vessel  than  in  riveted  boiler,  287 ;  means  of 
overcoming  unequal  temperature  for  mariue  boilers,  287 ;  weldiug  causes 
much  additional  labour,  288  ;  advantage  of  steel  for  construction  of  boiler 
shell,  288 ;  less  corrosion  in  steel  of  the  intended  temper  than  in  very 
mild  steel,  288  ;  longitudinal  strength  provided  for  by  separate  bolts,  288  ; 
strain  on  metal  in  two  directions  has  not  been  examined,  289. — Paget,  A., 
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High-Pbesstbe  Vessels  (continued). 

Hydraulic  cylinder  has  no  tendency  to  burst  endways,  only  so  long  as  the 
ram  is  free  to  move,  289. — Siemens,  C.  "W.,  Xo  tendency  to  strain  endways 
a  cylinder  standing  on  end,  whether  ram  is  free  or  not,  289  ;  no  tendency 
of  boiler  rings  to  slip  transversely  when  boiler  is  arranged  horizontally^ 
289. — ^Eichardson,  W.,  Eemedy  for  preventing  joints  from  becoming  loose 
through  over-heating,  290. 
HiGSOy,  J.,  elected  Member,  1879,  38. 

HrLDEBKAXDT,  J.  A.  K.,  Boiler  and  Engine,  High-Pressure,  1877,  149. 
Hill,  J.  K.,  elected  Gradtiate,  1883,  594. 
Hill,  L.,  Governors,  1879,  418. 

Steel  Boiler  Experiments,  1878,  241. 
HiLLEK,  H.,  elected  Member,  1882,  145. 

Hills'  Dbt  Docks  a^d  Exgeseeeixg  Wobks,  Cardiff,  1884,  235,  362. 
HI^a),  H.,  Tramways,  Mechanical  Traction,  1878,  437. 
HrsT),  T.  W.,  elected  Member,  1876,  197. 
Hied,  H.,  elected  Member,  1874,  27. 

Locomotive,  Brown's  Tramway,  1880,  68. 
Htes's  Telodynamic  Transmission  of  Power  by  light  wire  rope,  1874,  56. 
History  of  ENGrsEERrsG  ln'  Leeds,  1882,  266.  \  See  Engineering  in  Leeds. 
Hodbaeeow  Ieox  Mines,  visited  at  Barrow  meeting,  1880,  487. 
HoDGSox,  C,  elected  Member,  1880,  9. 
HODSOX,  R.,  elected  Member,  1882,  254. 
HoFFMAN>''s  Kils,  1875,  56,  Not£. 
Hogg,  W.  T.,  elected  Member,  1884,  80. 
HoLLAN-D,  C.  B.,  elected  Member,  1884,  SO. 
HoLKOYD,  J.,  elected  Member,  1883,  179. 
Holt,  F.,  elected  Graduate,  1884,  80. 
Holt,  "SV.  L.,  Locomotive,  Brown's  Tramway,  1880,  64. 
Tramways,  Mechanical  Traction,  1878,  434. 
Tramways,  Permanent  "Way,  1880,  213. 
H0MERSHA3I,  S.  C,  Bath,  Floating  Swimming,  1875,  151. 
Compressed- Air  Machinery,  1874,  221. 
Docks,  Cardifi;  1874,  140. 
Eock-Drill,  Diamond,  1875,  109. 
Hydraulic  Machinery,  Puckiag  for,  1874,  140. 
HoMOGEN'Eoi's  Irox,  1877,  48,    See  Iron,  Homogeneous. 
HoxoRABY  Life  Mejibeks,  nomination  of,  1878,  564. 
HoOTON,  W.,  elected  Member,  1883,  309. 
Hopkins,  J,  I.,  decease,  1875,  3. — Memoir,  26. 
HoPKiNSOy,  John,  Jun.,  D.  Sc,  elected  Member,  1874,  55. 
Brakes,  Effect  of,  upon  railway  trains,  1878,  626. 
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HoPKiNSON,  JoHX,  Jim.  (continued). 

Electric  Lighting,  First  Faper  on  Electric  Lighting,  1879, 238.— Kemarks, 

250,  254,  259,  2Gi.— Second  Paper,  1880,  266.— Kemarks,  283. 
Flow  of  Solids,  1878,  335. 
Safety  Lamps,  1879,  229. 
HoPKiNSON,  Joseph,  elected  Member,  1877,  72. 
HoKLOZ  Colliery,  visited  at  Belgian  meeting,  1883,  513,  530. 
HoENSBY,  J.,  elected  Member,  1880,  310. 

Cultivation  by  Horses,  1880,  518. 
HoKNSBY,  W.,  elected  Member,  1880,  310. 
HosGOOD,  T.  H.,  elected  Member,  1875,  35. 
HosKiNG,  J.,  decease,  1875,  3. — Memoir,  26. 
Hot-Water    Engines,    tramways    worked    by,    1878,    405.      -See    Tramways, 

Mechanical  Traction. 
Howard,  H.  J.,  elected  Graduate,  1883,  594. 
Howard,  J.  H.,  elected  Graduate,  1879,  584. 
Howard,  J.  W.,  elected  Member,  1882,  15. 
HowDEN,  J.,  Forging  of  Crank  Shafts,  1879,  479. 

Howe,   W.,   decease,   1880,   10.— Memou-,   0.— Remarks   on  his    career,  by   D. 
Adamson,  23. 

Engines,  Winding,  Direct- Acting,  1875,  240. 
Howell,  S.  E.,  elected  Member,  1877,  72. 
Howl,  E.,  elected  Member,  1882,  145. 
HowLETT,  F.,  elected  Member,  1877,  299. 
HoYLE,  F.  E.,  elected  Member,  1884,  1. 
Hudson,  J.  G.,  elected  Member,  1882,  145. 
Hudson,  R.,  elected  Member,  1884,  408. 

Hughes,  D.  E.,  Iron  and  Steel,  Faper  on  the  Physical  condition  of  Iron  and  Steel, 
1884,  36.— Remarks,  52,  59. 

Steel,  Chernoff's  papers,  1880,  233,  235,  237. 

Steel,  Hardening,  &c.,  1883,  68. 

Steel,  Tempered,  Faper  on  the  Molecular  Rigidity  of  Tempered  Steel, 
1883,  72.— Remarks,  81,  91. 
Hughes,  E.  W.  IM.,  elected  Member,  1881,  G24. 
Hughes,  G.  D.,  Docks,  Pumping  Machinery,  1874,  159. 

Rock-Drilling  Machinery,  1877,  217. 

Rules,  1884,  413. 

Sou th- Wall  s  Mineral  Wagons,  1884,  433. 

Traction  Engines  in  India,  1879,  527. 

Valves,  Safety,  1877,  189. 

Water  Meter,  Barton  and  West's,  1879,  453. 
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BrGHES,  H.,  Compressed -Air  Engines  for  Tram-n-ays,  ISSl,  665,  669. 

Locomotive,  Brown's  Tramway,  ISSO,  57,  59. 

Tramways,  Mechanical  Traction,  187S,  423,  425,  427,  428,  432. 
Hughes'  Isdcction-Cukeents  Balance,  1880,  231. 
HxTGHEs'  Tramway  Locojiotite,  1880,  57-62,  72. 
HrLL,  Docks  and  Works  visited  at  Leeds  meeting,  1882,  453,  468-471. 
HrLSE,  J.  W.,  elected  Graduate,  1883,  180. 
Hri.sE,  W.  W.,  Armour,  Construction  of,  1879,  73,  77. 

Cutting  of  Metals,  1883,  261. 

Friction  at  High  Velocities,  1882,  149. 

Kesearch,  Mechanical,  1879,  47,  48. 

Rope  Gearing,  1876,  395. 

Eules,  1874,  31.— 1877,  34.— 1879,  41,  42,  45.— 1880,  35. 
HoiPHRTS,  J.,  elected  Member,  1880,  185. 

Gauge,  Standard,  for  High  Pressures,  1880,  474. 

Steam-ship,   Paper  on   the   Steam-ship   "City   of  Eome,"'   1880,   336.— 
Remarks,  350,  358-361. 

Valve-Gear,  Joy's,  18S0,  436. 
HrNT,  R.,  elected  Member,  1882,  475. 
HrxT,  W.,  Jux.,  elected  Member,  1874,  101. 

HrxTEK,  C.  L.,  Anti-breakage  hopper  for  coal-shipping,  1884,  231,  240,  241. 
Hunter,  W.,  elected  Member,  1877,  72. 

Expansion  Gear,  Correy,  1878,  525. 
HuEMAx,  J.,  elected  Associate,  1874,  256. 

Hutchinson,  E.,  Bridge,  Erection  of.  Paper  on  the  mode  of  Erection  of  the-  large 
Iron  Girder  Bridge  over  the  river  Dal  in  Sweden,  1876,  46. 

Plate  Rolling  Machinery,   Paper   on    improvements  in   Machinery   for 
Roiling  iron  and  steel  Plates,  1880,  82. 
Hutchinson's  Multiple  Drill,  1878,  565,  578. 
Htdkant,  Injector,  1879,  364.     See  Injector  Hydrant. 
Hydraulic  Appliances  : — 

Accumulator,  Intensifying,'1874,  168. 

Accumulator,  Steam,  1S74,  34,  50. 

Corrugating  Press  for  sheet  iron,  1874,  172. 

Crane,  Portable,  1874,  131,  138.-1884,  229. 

Engine,  Double-Acting,  1874,  49. 

Engine,  Three-Cylinder,  1874,  48. 

Engine,  Three-Cylinder,  Brotherhood's,  1874,^47,  173,  224. 

Flanging  Machine,  1874,  170. 

HauUng  Engine,  1874,  130, 

Hoist,  1874,  40,  133. 

Jet-Pump,  1874,  292. 
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JiTDKArLic  Appliances  (continued). 

Packing  for  Earns,  &c.,  1874,  50,  53,  138,  139,  140,  1S3,  190,  192,  194,  198. 

Packing  Presses,  1877,  349.     See  Presses,  Hydraulic  Packing. 

Propulsion,  1874,  290. 

Punching,  Shearing,  and  Angle-Bar  Cutting  Machine,  1874,  171. 

Keversing  Gear,  1874,  35. 

Eiveting  Machines,  1874,  4G,  166,  167,  168,  176,  201.— 1879,  271,  318. 

Steering  Gear,  1874,  37. 

Tips  for  discharging  Coal,  1874,  127. 

Valves,  1874,  49,  53. 

Winch,  1874,  40. 
HTDKArLic  Bkake  for  railway  trains,  1878,  75.     See  Brakes. 
HTDKArLic    ExGiXES    for    mining  purposes,   1880,   245.      See   Water-Pressure 

Engines. 
Htdravlic  Flan-gixg  of  Steel  Plates  cold,  1882,  528.  See  Flanging  Steel  Plates. 
Htdkaclic  Lifts,  1882,  119.     See  Lifts. 

Hydraulic  ]\Iachixekt  at  Menier  Chocolate  Works,  Xoisiel,  1878,  551. 
HYDEArLic  MACHUfEKY,  Maklnt:,  Paper  on  Hydraulic  Machinery  for  steering, 
reversing,  and  discharging  cargo  &c.  in  steamships,  by  A.  B.  Brown, 
1874,  33. — Steam  machinery  objectionable  on  shipboard  outside  main 
engine  room,  hydraulic  machinery  preferable,  33. — Steam  accumulator 
avoiding  dead  weight,  34. — Hydraulic  reversing  gear  for  engines,  35. — 
Steam  reversing  gear,  dispensing  with  accumulator,  36.  —  Hydraulic 
steering  gear,  37. — Self-acting  slide-valve  for  rudder  to  yield  to  excessive 
strains,  39. — Hydraulic  hoist  for  discharging  cargo,  40. — Hydraulic  winch 
with  adjustable  throw  of  crank,  40. — Hydi-aulic  swinging  gear  for  jibs,  42. 
Discussion. — Brown,  A.  B.,  Power  of  steering  gear  at  extreme  range  of 
rudder,  double  of  power  in  midships,  44. — ^AValker,  B.,  Hydraulic  winch 
less  economical  than  steam  winch,  but  has  important  advantage  in 
rapidity,  44. — Brown,  A.  B.,  Hydraulic  winch  more  economical  and  more 
under  control  than  steam  winch,  45 ;  hydraulic  pipes  easier  kept  tight 
than  steam  pipes  on  shipboard,  45. — Tweddell,  K.  H.,  Kelative  economy  of 
steam  and  hydraiilic  power,  exemplified  by  hydraulic  riveter,  46  ; 
fluctuation  of  pressure  objectionable  in  steam  accumulator,  46 ;  hydraulic 
hoist  involves  increased  friction  from  pulleys,  47.  —  Webb,  F.  W., 
Brotherhood's  three-cylinder  hydraulic  engine  applied  successfully  to  a 
capstan,  no  packing  required  except  the  trunk  leathers,  47. — Davey,  H., 
Hemp  packing  for  accumulator  piston,  47  ;  hydraulic  winch  compared 
with  ordinary  steam  winch,  48 ;  hydraulic  engines  with  pair  of  double- 
acting  cylinders  at  right  angles  found  preferable  to  three  single-acting 
rams,  49 ;  circular  disc-valves  foimd  to  wear  unequally  and  become  leaky, 
49 ;  lignum-vitns  valve  on  brass  face  found  most  durable  with  moderate 
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Hydraulic  IMachinebt,  Makixe  (continued). 

pressures,  49. — Brovm,  A.  B.,  Steam  accumulator  preferable  to  dead- 
weight accumulator  on  shipboard,  50  ;  hemp  packing  better  than  metallic 
for  slow-moving  piston  of  accumulator,  50;  hemp  packing  better  than 
leathers  for  stuflBng-boxes  of  hydraulic  machines,  51 ;  hydraulic  valves  of 
specially  hard  gun-meti^l  with  very  little  wear,  52 ;  hydraulic  machines 
made  automatic  for  use  on  shipboard  by  unskilled  men,  52 ;  throw  of 
crank-pin  can  be  easily  changed  while  winch  is  at  work,  52. — Tweddell, 
E.  H.,  Hemp  packing  successful  for  hydraulic  machinery  where  leathers 
failed,  53. — Webb,  F.  W.,  Phosphor-bronze,  composition  of,  53. — 
Eamsbottom,  J.,  Means  of  passage  for  surplus  water  in  reversing  gear,  54. 
— Brown,  A.  B.,  Small  reservoir  of  water,  cut  off  from  cylinder  when  under 
pressure,  54. — Siemens,  C.  W.,  Important  advance  made  in  adaptation  of 
hydrauhc  power,  54. 

Hydeaulic  Machinery,  Toulon,  Paper  on  the  Hydraulic  Machinery  in  the 
iron  shipbuilding  department  of  the  naval  dockyard  at  Toulon,  by  M. 
Berrier-Foutaine,  1878,  346. — Description  of  the  works  at  Toulon,  worked 
exclusively  by  hydraulic  power,  347. — Means  of  supplying  the  machines 
with  water,  350. — Means  of  supplying  water  to  pumps  as  clean  as  possible, 
'352. — Keason  why  fixed  riveting  machine  was  not  supplied  from  main 
pipe,  352. — Process  of  riveting  as  compared  with  processes  of  punching, 
shearing,  and  bending,  353.— Special  differential  accumulator  provided  for 
riveting  machine,  354. — All  other  machines  should  be  supplied  from  one 
pipe,  354. —  Practical  facilities  for  execution  of  work  with  hydraulic 
machinery,  355. — Excellence  of  work,  356. — Economy  of  working,  as 
compared  with  machinery  driven  by  shafting,  357. — Ditto,  as  compared 
with  tools  driven  by  independent  engines,  358. — Much  smaller  boiler 
power  required  with  hydraulic  machinery,  358. — Table  showing  workino- 
of  machines  at  Toulon,  360. — Maximum  amount  of  work  with  the  machines, 
361, — Further  economy  in  cost  of  working,  363. — Economy  in  consumption 
of  power  depends  on  machines  having  short  stroke,  365. — Tappet  gear  for 
limiting  waste  of  power,  367. — "Waste  of  power  nothing  when  maximum 
useful  work  is  being  performed,  368. — Diagram  of  resistance,  taken  from 
riveting  machine,  369. — Ditto  from  punching  machine,  370. — Ditto  from 
angle-iron  shearing  machine,  371. — Ditto  from  plate  shearing  machines, 
372. — Ditto  from  angle-iron  bending  machines,  372. — Ditto  from  plate- 
flanging  machine,  372. 

Discussion. — Eobrason,  J.,  Author  unavoidably  absent,  377. — Tweddell, 
R.  H.,  Diagrams  exhibited  are  diagrams  of  resistance,  377 ;  final  rise  of 
pressure  in  hydraulic  riveting  is  useful,  378 ;  author's  view  as  to  thinning 
of  plate  by  heavy  final  blow,  378 ;  explanation  of  diagrams,  379 ;  small 
pressure  required  for  flanging,  382.— Anderson,  J.,  Hydraulic  machinery 
always  preferable  with  intense  pressure  and  short  range  of  motion,  382. — 
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Hydraulic  IMachinert,  Toulon  (continued). 

Greig,  D.,  How  can  cylinders  be  made  for  high  pressures,  383. — 
Ellington,  E.  B.,  Cylinders  made  of  cast  iron  are  found  to  be  strong 
enough,  383. — Eoss,  J.  A.  G.,  Unnecessary  complication  through  separate 
supply  of  pressure  water  for  each  riveting  machine  and  heavy  press,  384  ; 
application  of  blow  from  accumulator  appears  doubtful  advantage,  385 ; 
differential  accumulator  too  complicated,  386. — Piatt,  J.,  Compound 
riveting  machine  with  two  pressures,  not  so  good  as  a  simple  cylinder, 
386  ;  best  pressure  1500  lb.,  387;  hydraulic  pressure  never  causes  rivet  to 
washer,  387. — Gimson,  J.,  Great  waste  of  power  with  hydraulic  machinery, 
387. — Wilson,  J.  C,  "Work  represented  by  highest  part  of  indicator  diagram 
is  clinching  of  rivet,  389 ;  results  with  Tweddell's  portable  riveter  at 
Avonside  Engine  Works,  Bristol,  389;  arrangement  for  carrying  die,  389. 
— ^Menelaus,  W.,  Economy  in  moving  power  is  of  comparatively  small 
importance,  390. — Tweddell,  K.  H.,  Uniform  pressure  is  in  general  the 
best,  391  ;  high-pressure  is  employed  in  portable  riveters  to  get  lightness, 
391 ;  waste  of  water  is  no  greater  in  hydraulic  riveting  machines  than  in 
those  worked  by  steam,  392 ;  advantages  of  differential  accumulator, 
392 ;  economy  in  use  of  two  cylinders,  392  ;  no  undue  waste  of  power 
with  hydraulic  tools,  393;  rate  of  riveting  per  hour  with  hydraulic 
riveter,  394. 

Hydraulic  jMachixery,  Workshop,  Paper  on  the  application  of  Water  Pressure 
to  driving  machinery  and  working  shop  tools,  by  E.  H.  Tweddell,  1874, 
166. — Hydraulic  riveting,  closing  pressure  increased  by  momentum  of 
falling  accumulator,  166. — Stationary  hydraulic  riveter,  167.  —  Portable 
hydraulic  riveter,  167. —  Intensifying  accumulator,  168.  —  Hydraulic 
riveting  plant  for  girder  bridge  work,  168. — Arrangement  for  avoiding 
heavy  weight  of  accumulator,  169. — Hydraulic  flanging  machine,  170. — 
Hydraulic  punching  and  shearing  machine,  171. — Hydraulic  corrugating 
press  for  sheet  iron,  172. — Brotherhood's  hydraulic  three-cylinder  engine, 
173. — Application  of  hydraulic  power  to  machinery,  173. —  Advantage  of 
hydraulic  power,  174. — Economy  of  hydraulic  transmission  of  power  as 
compared  with  steam,  174. 

Discussion. — Adamson,  D.,  Hydraulic  riveting  consumes  much  more 
power  than  machine  driven  direct  by  rotary  action,  176  ;  steelyard  riveting 
machine  wastes  no  power,  176  ;  hydraulic  power  suitable  for  shipbuilding 
and  for  riveting  the  very  thick  plates  of  marine  boilers,  177. — Westmacott, 
P.  G.  B.,  Great  advantage  in  pressure  being  kept  on  until  rivet  gets  cool, 
179  :  single-riveted  boiler  made  steam-tight  by  hydraulic  riveter  without 
caulking,  179  ;  loss  of  power  in  driving  shafting,  180  ;  air  vessel  employed 
successfully  to  avoid  weight  of  accumulator,  180 ;  working  of  three-cylinder 
hydraulic  engine,  181. — Chapman,  H.,  Hydraulic  riveters  very  satisfactory 
for  marine  boUer  work,  181  ;  three-cylinder  engine  readily  and  quickly 
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taken  to  pieces  for  examination,  182. — Brotherhood,  P.,  Construction  of 
valves  in  hydraulic  capstan,  183  ;  bucket  leathers  better  for  packing  than 
deep  cupped-leatheis,  183;  metallic  packing  with  india-rubber  ring  good 
for  clean  water,  and  very  convenient,  184. — Ramsbottom,  J.,  Hydraulic 
power  not  advantageous  for  planing  or  slotting  tools,  185;  successfully 
applied  when  large  force  is  required  to  be  transmitted  to  remote  distances, 
185;  working  of  three-cylinder  hydraulic  engine,  186. — Cowper,  E.  A., 
Early  substitute  for  accumulator,  18G  ;  hydraulic  press  applied  to  forging 
and  welding  iron,  186 ;  relief  valve  not  necessary  in  hydraulic  capstan,  187. 
— Piatt,  J.,  Hydraulic  riveter  compared  with  rotary  machine  for  loss  of 
power,  188 ;  working  of  hydraulic  flanging  press,  188. — Jackson,  P.  B., 
Construction  of  cylinders  for  hydi-aulic  presses,  with  thin  shell 
strengthened  by  two  or  three  sets  of  hoops,  189. — Greig,  D.,  Advantage  in 
using  high  pressure  of  water  for  jxyrtable  riveter,  189 ;  hemp  packing 
preferable  to  leather,  190. — Walker,  B.,  Friction  of  ordinary  shafting,  190 ; 
hj'draulic  presses  worked  with  water- works  pressure  by  means  of  rams  of 
different  areas,  191.— Richardson,  J.,  Hydraulic  riveting  more  economical 
than  hand  riveting,  191 ;  cupped-leather  packing  worn  out  quickly  witli 
dirty  water,  192 ;  wear  caused  by  sand  getting  behind  leather  packing 
when  pressiu'e  is  removed  at  end  of  stroke,  192;  wear  prevented  by 
keeping  pressure  constantly  on  the  leather  by  use  of  a  relief  valve,  193. — 
Cowper,  E.  A.,  Iron  in  water  injures  packing  leathers,  194. — Richardson, 
J.,  L-on  in  water  not  of  much  consequence,  194. — Campbell,  D.,  Oil  used 
instead  of  water  in  cotton  presses,  194  ;  rams  cased  with  gun-metal  when 
worn,  to  prevent  tearing  of  packing  leathers,  194. — Wrightson,  T.,  Friction 
of  gland  in  accumukitor,  194. — Tweddell,  R.  H.,  Advantage  of  hydraulic 
press  for  flanging  plates,  195 ;  comparative  cost  of  work  with  portable 
hydraulic  riveter,  196 ;  hemp  packing  most  suitable  for  hydraulic  machines, 
more  easily  renewed  than  leather,  198 ;  phosphor  bronze  found  veiy 
durable  for  valves,  199 ;  higher  pressure  of  water  used  without  causing 
trouble  in  keeping  joints  tight,  199 ;  friction  of  shafting,  percentage  of 
engine  power,  200 ;  important  to  utilise  moderate  water- works  pressure  for 
driving  hydraulic  machinery  by  means  of  intensifying  accumulator,  200. — 
Bramwell,  F.  J.,  Advantage  of  machine-riveting  for  marine  boiler  plates, 
201 ;  steam  riveter  with  two  cylinders,  one  for  closing  the  plates,  and  the 
second  for  riveting,  202 ;  boiler  work  should  be  steam-tight  without 
caulking,  202 ;  Hague's  early  attempt  to  drive  machinery  by  exhaustion  of 
air,  202  ;  intensified  pressure  employed  in  manufactm-e  of  lead  piping,  202. 

Hydratjlic  Presses.     See  Presses,  Hydraulic  Packing.     Pressure-Intensifying 
Apparatus.     High-Pressure  Vessels. 

Hydraulic  Riveters,  Tweddell's,  1879,  271,  318. 
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Implements  and  Machinery  for  Cultivating  Land  by  Horse-pcwer,  1880,  529. 
See  Cultivation  by  Horses. 

Imray,  J.,  elected  Member,  1877,  299. 
Injector  Hydrants,  1879,  382. 
Pump,  Paper  on  the  Helical  Pump,  1874,  281.— Kemarks,  289,290, 291,  295. 

Incorporation  of  Institution,  1878,  41,  114,  298,  557. 

India,  Vertical- Action  Steam-Dredger  in,  1879,  534.     See  Dredger. 

India,  Working  of  Traction  Engines  in,  1879,  494.     Sie  Traction  Engines. 

iNDiA-KuBBER  Tyres  for  Traction  Engines,  1879,  494,  497,  505,  512.  See 
Traction  Engines. 

Indicators,  Speed  Indicators  for  railway  brake  experiments,  1878,  470. 

Induction-Currents  Balance,  Hughes',  1880,  231. 

Ingham,  W.,  elected  Member,  1882,  145. 

Inglis,  J.,  elected  Member,  1882,  145.— Decease,  1884,  3.— Memoir,  G4. 

Inglis,  W.,  Pope  Gearing,  1876,  392. 

Ingots  of  Cast  Steel,  Structure  of,  1880,  152.     See  Steel,  Chernoff's  Papers. 

Injector,  Paper  on  the  Automatic  and  Exhaust-Steam  Injector,  by  A.  S.  Savill, 
1884,  167. — Disadvantages  of  ordinary  lifting  injector,  107. — Automatic 
injector  with  split  nozzle,  168. — Exhaust-steam  injector,  169. — Special 
contrivance  for  feeding  boilers  at  high  pressures,  169. — Advantage  for 
■engines  working  intermittently,  170. — Mode  of  connection  with  exhaust 
pipe,  170. 

Discussion. — Eobinson,  J.,  Advantage  of  siilit  nozzle,  171 ;  originally 
invented  for  exhaust-steam  injector,  171  ;  exhaust  injector  unavailable  for 
locomotives  excejit  with  additional  appliance,  172  ;  addition  of  live  steam 
is  required  for  higher  pressures,  172. — Sharp,  T.  B.,  Working  of  injector 
is  somewhat  paradoxical,  172  ;  exhaust  injector  not  available  for 
locomotives,  173  ;  description  of  apparatus  for  same  object,  173  ;  apparatus 
for  returning  exhaust-steam  into  boiler,  174 ;  objection  to  sjjlit  nozzle  witli 
hinged  flap,  176 ;  injector  with  sliding  nozzle  divided  transversely,  176 ; 
previous  attempts  to  utilise  exhaust  steam,  177. — Tomkins,  W.  S., 
Eeduction  of  back  pressure  in  cylinders  by  use  of  exhaust  injector,  178  ; 
superiority  of  exhaust  injector  to  feed-water  heater,  178. — Cochrane,  C, 
Application  of  exhaust-steam  injector,  178 ;  rapidity  of  action,  179. — 
Bennett,  P.  D.,  Regulation  of  injector  so  as  to  work  continuously,  179. — 
Gresham,  J.,  Exhaust  injector  is  most  important  improvement,  180. — 
Halpin,  D.,  Action  of  injector  is  a  thermodynamic  question,  ISO. — Daw, 
J.  G.,  ComiJarative  results  of  injector  and  feed-water  heater,  181. — 
Pbitt,    J.,    Working  of   injector    under    unfavourable    conditions,    181; 
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difficulty  from  grease  carried  into  boiler,  181. — Anderson,  W.,  Theory  of 
injector,  182. —  Schonheyder,  W.,  Saving  in  feed-water,  182. —  Alliott, 
.1.  B.,  Experiments  on  increase  in  temperature  and_  quantity  of  feed-water, 
182 ;  automatic  working  of  hinged  flap,  183. — Savill,  A.  S.,  Small 
supplementary  injector  for  feeding  locomotives,  183 ;  other  contrivances 
for  using  exhaust  steam  are  not  automatic,  184  ;  exhaust  steam  should  be 
used  to  heat  feed-water  while  cold,  185 ;  successful  working  of  exhaust 
injector  on  locomotives,  185;  liability  of  piston  injector  to  stick  fast,  185  ; 
fuel  saved  by  exhaust  injector,  186. — Cochrane,  C,  Absolute  saving  by 
exhaust-steam  injector,  186. — Savill,  A.  S.,  Economy  in  feed- water,  187 ; 
injector  should  not  be  too  large,  187;  diminished  back-pressure  on  piston, 
188;  wear  and  tear  of  hinged  nozzle,  188;  proper  connection  of  branch 
exhaust-pipe  with  main  exhaust-pipe,  188. 
IxjECTon  Hydrant,  Paper  on  Injector  Hydrants  for  fire  extinction,  by 
J.  H.  Grcathead,  1879,  36i. — Striking  results  in  reducing  loss  by  fii'e, 
from  use  of  hydrants,  364. — Immense  saving  would  restdt  by  their  adoption 
in  London,  365. — Injector  hydrant,  365. — Other  forms  of  the  apparatus, 
366. — Considerations  as  to  how  far  this  system  is  applicable  to  the 
Metropolis,  368. — Alternative  schemes,  (1)  separate  service  for  fire 
purposes,  370. — Ditto  (2)  existing  service  altered  and  hydranted,  371. — 
Ditto  (3)  new  service  of  potable  water  having  sulBcient  pressure  for  fire 
extinction,  372. — Ditto  (4)  injector-hydrant  system,  373. — Advantages  of 
the  system,  376.— Tables,  377-378. 

Discussion. — Bateman,  F.  J.,  Loss  by  fire  in  Manchester  reduced  to  one- 
seventh  by  use  of  Indrants, 379  ;  mode  and  cost  of  working  with  hydrants 
in  ^Manchester,  379  ;  system  proposed  could  be  applied  with  advantage  to 
docks  and  warehouses,  but  not  generally,  381 ;  better  to  transform  the  bad 
existing  system  into  a  good  one,  381 ;  cost  of  doing  so  would  be  about  one- 
Iialf  that  of  Mr.  Greathead's  system,  382. — Imray,  J.,  Great  expense  in 
small  houses  from  adoption  of  constant  pressure,  382  ;  best  arrangement 
with  Mr.  Greathead's  system  for  pumping  the  pressure  water,  383. — 
Bateman,  F.  J.,  Cost  of  water  fittings  in  cottages,  384. — Webb,  F.  "\V., 
Direct  high-pressure  system  is  the  only  one  to  depend  on,  384. — 
Williams,  R.  P.,  Comparison  of  author's  system  with  one  which  pumped 
all  the  water,  385  ;  Table  of  sizes  of  pipes  required,  386  ;  cost  of  different 
systems,  387. — Crampton,  T.  R.,  Apjiaratus  practically  a  success,  387  : 
loss  of  energy  might  with  care  be  considerably  reduced,  388. — Gray,  J.  M., 
Question  as  to  which  pipe  the  water  came  from,  388. — Tweddell,  11.  H., 
Question  was  not  so  much  one  of  economy  as  of  extinguishing  fires,  389  ; 
better  to  dispense  with  accumulator,  except  as  a  pressure  regulator,  389  ; 
question  of  cost  of  different  schemes,  389. — Cowper,  E.  A.,  WoiUd  the 
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boilers  be  always  kept  ready  for  full  duty,  391. — Paget,  A.,  Adinii-able 
system  where  there  is  an  existing  supply  of  high-pressure  water,  391. — 
Greathead,  J.  H.,  Cost  of  altering  pipes  to  make  present  supply  of  water 
sufEcient  would  be  enormous,  391 ;  object  of  accimiulator,  392  ;  objections 
to  direct  high-pressure  system,  893. — Webb,  F.  W.,  Objection  does  not 
exist  at  Euston,  393. 

Instone,  T.,  elected  Member,  1883,  179. 

IxrNDATioy,  Tynewydd,  1S77,  221.     See  Tynewydd  Colliery  Inundation. 

Iron  and  Coal  Ixdcstries  in  Lie'ge  district,  1883,  329.  See  Lie'ge  Iron  and 
Coal  Industries. 

Iron  and  Steel,  Paper  on  the  Physical  condition  of  Iron  and  Steel,  by  D.  E. 
Hughes,  1881,  36. — Application  of  magnetic  phenomena  to  examination  of 
molecular  changes,  36. — Kesults  obtained  by  employing  extremely  feeble 
magnetising  powers,  37. — Limits  of  softness  and  hardness  in  individual 
specimens,  38.  —  Theory  of  molecular  freedom  and  rigidity,  38.  — 
Description  of  magnetic  balance,  39. — Eemaining  magnetism  in  specimens 
tested,  41.  —  Standard  form  of  test-pieces  necessary  for  comparative 
experiments,  41. — Influence  of  annealing,  42. — Annealing  of  Swedish 
iron,  42. — Time  required  for  perfect  annealing,  43. — Kesults  of  researches 
on  annealing,  43. — Hardening  effect  of  bending  or  other  mechanical 
treatment,  44. — Effect  of  annealing  upon  iron  and  steel  wires,  44. — 
Tempering,  45. — Tempering  of  crucible  fine  cast  steel,  45. — Specimens  of 
wires  used,  46. — Results  of  mechanical,  chemical,  and  physical  tests,  and 
conclusions  thence  drawn,  46. — Proposed  dividing  line  between  iron  and 
steel,  49. — Eelations  of  physical  forces  in  iron  and  steel,  50. — Practical 
value  of  magnetic  balance,  52. 

Discussion. — Hughes,  D.  E.,  Original  object  of  this  research,  52 ; 
specimens  of  iron  and  steel  can  be  tested  by  magnetic  balance  without 
breaking  them,  53 ;  testing  of  long  pieces,  53 ;  shape  of  magnetic  coils,  54  ; 
practical  utility  of  magnetic  balance,  54. — Roberts,  AV.  C,  Value  of 
induction  balance,  55  ;  determination  of  percentage  of  carbon  in  steel,  55  ; 
hardening  influence  of  manganese,  55 ;  distinction  between  tempering- 
and  hardening,  50. — Cowper,  E.  A.,  Difference  between  surface  hardness 
and  interior  hardness,  56;  drawing  and  annealing  of  wire,  57;  mechanical 
test  of  hardness  by  file,  57 ;  definition  of  tempering  and  hardening,  57. — 
Fell,  J.  C,  Determination  of  coercitive  force  or  retentive  power  in  steel, 
57 ;  hardening  effect  of  phosphorus,  58 ;  enquiry  how  to  obtain  hardest 
possible  temper  for  steel,  58. — ^lair,  J.  G.,  Ordinary  and  chilled  cast-iron. 
59. — Pag.ot,  A.,  Meaning  of  tempering,  59. — Huglies,  D.  E.,  Hardening 
effect  of  manganese,  59 ;  distinction  between  tempering  and  hardening,  59; 
tempering  of  thin  flat  surfaces  and  of  wires,  CO ;  mean  error  in  specimens. 
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60 ;    magnetic  value  of  steel,  60.  —  Cochrane,   C,  Question  of  further 
research,  60. 

Iron  and  Steel  for  Boilers,  Paper  on  expariments  referring  to  the  use  of  Iron 
and  Steel  in  high-pressure  Boilers,  by  D.  Greig  and  M.  Eyth,  1879,  268. — 
Question  is  the  means  of  forming  sti-ongest  riveted  joint,  268. — Eivet  iron 
and  steel,  268. — Ditto,  tensile  tests,  269.— Ditto,  shearing  tests,  269. — 
Rivets,  tests  of  methods  of  riveting,  270. — Ditto,  frictional  resistance,  272. — 
Ditto,  water-tightness,  272. — Riveted  joints,  tests  of  solid  plates,  275. — 
Ditto,  ditto,  punched  and  di-illed  holes,  276.— Ditto,  ditto,  different  modes 
of  riveting,  278. — Ditto,  ditto,  size  of  rivets,  279. — Ditto,  ditto,  double- 
riveted  lap-jointis,  279. — Ditto,  ditto,  butt-joints,  280. — Ditto,  ditto,  boilers 
after  manufacture,  282. — Ditto,  ditto,  fire-box  sides,  282. — Ditto,  ditto, 
boiler  shells,  285. — Ditto,  ditto,  boilers  complete,  287. — Conclusions,  289. — ■ 
Appendix,  Tables  showing  results  of  experiments,  292. 

Discussion. — Greig,  D.,  Butt-joint  with  two  cover-plates  is  best,  303 ; 
portable  engines  should  not  have  iron  boilers,  303. — Eyth,  M.,  Butt-joint 
tested  for  water-tightnes.s,  303. — "Webb,  F.  W.,  Standard  joints  used  on 
London  and  Xorth  Western  railway,  30-1 ;  improvement  by  taking  scale  off 
joint,  305 ;  exiierimeuts  hardly  fair  for  lap-joints,  305. — Unwin,  W.  C, 
Defects  in  mechanical  experiments,  306  ;  uncertainty  as  to  experiments  on 
di-illing  and  punching,  307 ;  joints  in  testing  machine  not  under  same 
conditions  as  in  actual  work,  308  ;  doubtful  importance  of  question  as  to 
bearing  surface,  309  ;  influence  of  pressure  used  in  riveting  upon  strength 
of  joint,  309  ;  stress  on  plates  in  oblique  duection,  311 ;  in  stayed  smfaces 
different  stays  take  different  pressures,  312. — Cowpcr,  E.  A.,  Each  stay 
takes  same  amount  of  pressure  if  properly  spaced,  313  ;  bending  of  plates 
at  joints,  314. — Unwin,  W.  C,  Influence  of  size  of  rivet-holes  on  plates 
bending,  314. — Cowper,  E.  A.,  Size  of  holes  has  a  most  material  effect,  314 ; 
pressure  used  for  riveting  hasdii-ect  effect,  314. — Aveling,T.,  Best  form  of 
butt-joints  with  one  cover,  315. — Fox,  S.,  Boiler  shell  vrill  soon  be  made 
in  one  piece,  315. — Cochrane,  C,  Butt-joints  not  desirable  for  externally- 
fired  boilers,  316.— Hall,  W.  S.,  Author's  results  as  to  leakage  difler  from 
those  of  Mr.  Fletcher  in  1876,  316.— Cowper,  E.  A.,  Mr.  Fletcher  never 
burst  a  boiler  with  water  pressui-e,  317. — Piatt,  J.,  Mr.  Fletcher  employed 
enormous  pumping  power,  317. — Marten,  E.  B.,  Boilers  burst  from  injuiy 
by  fire,  and  by  expansion  and  contraction,  317. — Tweddell,  E.  H., 
Hydraulic  riveting  with  impact  accumulator  is  shown  to  be  best,  318 ; 
temperature  of  rivets  important,  319.— Platt,^J.,  Had  merely  riveted  the 
samples  supplied,  319. — Crampton,  T.  R.,  Iron  will  have  to  give  way 
to  steel  in  nearly  all  cases,  320.— Bromley,  M.,  Prefers  steel  boilers, 
provided  trained   steel-boiler  makers  can  be  got,  320. — Pasman,  J.  X., 
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Asks  author's  experience  as  to  steel  plates  for  fire-boxes,  o21 ;  has  given  up 
angle-iron  and  steel  angles  for  locomotive  boilers,  322  ;  finds  no  difficulty 
in  getting  men  who  can  make  steel  boilers,  322 ;  were  the  steel  plates 
as  rigid  as  iron,  322. — Crampton,  T.  E.,  Has  never  used  angle-iron  in 
a  locomotive  boiler,  322. — Greig,  D.,  Specimen  plates  were  tested  straight. 
323  ;  failure  of  stays  due  to  exjiansion  and  contraction  &c.,  323 ;  has 
overcome  difficulty  in  getting  men  to  use  steel  plates,  324  ;  experience 
with  steel  fire-boxes,  324 ;  steel  let^s  ficxible  than  iron,  324 ;  angle-iron 
can  now  be  done  away  with,  324. — Crampton,  T.  K.,  Angle-iron  could 
have  been  done  away  with  thirty  years  ago,  324. — Eyth,  M.,  Mode  used 
for  calculating  strain  on  zigzag  riveting,  325 ;  in  strength  of  riveted  joint.s 
friction  has  been  allowed  for,  325;  meaning  of  the  word  "birrr,"  325. — 
Paxman,  J.  N.,  Percentage  of  carbon  in  steel  boiler-plates,  32G. — Eyth,  M., 
Increase  found  in  resistance  of  rivet  with  increase  of  pressure,  326. — 
Robinson,  J.,  Difficulties  which  prevented  boilers  from  being  made 
without  angle-iron  thirty  years  ago,  327  ;  question  noAV  under  investigation 
by  Eesearch  Committee,  327. 
Irox  and  Steel  for  Ships,  1881,  553.     See  Ships. 

Iron  and  Steel  Works,  visited  at  Smnmer  meeting,  Belgium  :  Angleur,  1883, 

513,537;  Cockerill,  511,  526-527 ;  Ougre'e,  513,  538,  541;  Sclessin,  513, 

535. 

Iron,  Homogeneous,  Paper  on  Homogeneous  Iron,  and  the  degree  of  homogeneity 

to  be  expected  in  iron   produced   by  various  systems  of  puddling  and 

subsequent  working,   by   H.   Kirk,    1877,  48. — Difficulty   in    preventing 

variation  in  quality  of  iron,  48. — Definition  of  the  word  "  puddling,"  48. — 

Meaning  of  homogeneous  iron,  49. — Homogeneous  iron  not  necessarily  pure, 

but  of  same  nature  throughout,  50. — High  strength  and  ductility  combined, 

51 — Experiments  on  strength  of  steel,  51. — Description   of  the  process 

ot  puddling,  52. — Effects  of  carbon  with  other   elements  in  iron,  53. — 

Experiments  on  puddling  iron  from  haematite  ores,  54. — Results  of  testing 

samples,  55. — Analysis  of  samples,  56. — Increase  of  strength  in  iron  with 

increase  of  carbon,  57. — Mixture  of  iron  and  cinder,  not  compatible  with 

homogeneity,  57. — Most  valuable  iron  is  tliat  which  is  purest,  along  with 

sufficient  carbon  to  impart  streugtli,  58. — Old  puddling  process  better 

than  boiling  process  for  ensuring  homogeneitjs  58. — Double  furnaces  with 

mechanical  rabbles    objectionable,   59. — Casson-Dormoy     furnace,  60. — 

Maudslay  or  Pernot  furnace,  61. — Furnace  revolving  on  a  horizontal  axis 

best,  61. — Danks  furnace  does  not  give  mucli  promise  of  homogeneity,  61. 

— Spencer  furnace  shows   better   results   from  working,  62. — Crampton 

furnace  seems  to  give  greatest  promise  of  homogeneity,  62. — Puddled-bar 

system  is  the  outcome  of  an  effort  to  obtain  uniformity,  62. — Tests  of  hoop 
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iron  and  steel,  65. — Tests  of  steel  and  iron  bars,  66,  67. — Tests  of  iron  bars 
produced  by  five  different  methods  of  working,  68. — Analyses  of  bar  iron, 
60. 

Discussion. — Kirk,  H.,  Homogeneous  iron  or  mild  steel  is  the  best  form 
of  iron,  but  difficulty  in  the  way  of  its  manufacture  and  use,  73 ;  impossible 
to  ensure  perfect  homogeneity  in  any  furnace,  74 ;  the  less  phosphorus 
there  is  in  pig  and  cast  iron,  the  more  carbon  remains  in  it,  75  ;  fibre  in 
bar  iron  frequently  produced  by  cinder,  but  retention  of  cinder  in  high- 
class  iron  a  great  mistake,  76 ;  best  quality  of  iron  found  to  be  the 
cheapest  in  use,  78. — Siemens,  C.  W.,  Crystalline  fracture  in  puddled  iron 
not  antagonistic  to  toughness,  78  ;  as  much  puddled-bar  or  nearly  as  much 
should  be  obtained  as  weight  of  pig-iron  put  into  furnace,  78 ;  means  of 
producing  wrought-iron  direct  from  ore,  79  ;  cause  of  small  proportion  of 
phosphorus  in  iron  produced  by  direct  process  in  revolving  furnace, 
80. — Bell,  I.  L.,  Presence  of  cinder  could  not  increase  toughness  or 
improve  quality  of  iron,  SO. — Siemens,  C.  "W.,  Greater  yield  of  rotary 
puddling  furnace  due  to  flame  being  less  cutting  and  less  oxidising.  81. — 
Bell,  I.  L.,  Xot  any  neutral  flame  at  temperature  of  puddling  furnace,  82  ; 
means  of  reducing  phosphorus,  simply  a  question  of  temperature  in 
furnace,  82. — Crampton,  T.  E.,  Good  yield  obtained  with  Price's  double- 
puddling  furnaces  at  Woolwich,  83 ;  least  oxidation  of  iron  in  the  dust- 
fuel  furnace,  84. — Cowper,  E.  A.,  Approach  to  a  neutral  flame  obtained  in 
the  Siemens  gas  furnace,  85 ;  means  of  getting  rid  of  sulphur  and 
phosphorus  in  puddling,  86. — Head,  J.,  Meaning  of  the  term  homogeneous, 
87 ;  iron  breaking  with  fine  grain  and  steely  fracture  better  than  with 
fibrous  fracture,  87  ;  nature  of  fibre  in  malleable  iron,  88 ;  plates  stronger 
in  the  direction  of  rolling  than  across,  89. — Kirk,  H.,  Cinder  existing  in 
iron  reduces  tlie  strength,  90  ;  more  cinder  in  puddle  balls  from  rotary 
furnaces,  causing  increase  of  yield,  90. 

Iron  Mines,  Mwyndy,  near  Llantrissant,  1874,  247. — Furnoss  Ha3matite,  1880, 
363,  484,  485,  487.    See  Mines. 

Iron  "Works,  Cyfnrthfa,  1874,  239.— 1884,  358,  377-380. 
Dowlais,  1874,  239.— 1884,  358,  374-377. 
Ebbw  Yale,  1884,  359,  386-392. 
G^rtsherrie,  1879,  575. 
Govan,  1879,  571. 
North  British,  1879,  575. 
Rhymney,  1884,  359,  381-386. 
Round  Oak,  1876,  330. 
Summerlee,  1879,  575. 
Woodside,  1876,  337. 
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Jablochkoff  Caxdle  for  electric  liglitiDg,  1878,  538,  540.  See  Electric  Lighting. 

Jacks,  T.  W.  M.,  elected  Member,  1884,  80. 

Jacksos,  E.,  elected  Associate,  1884,  409. 

Jackson,  F.  W.,  elected  Member,  1881,  409. 

Jacksox,  H.  J.,  elected  Member,  1S76,  347.— Memoir,  1884,  473. 

Jacksox,  p.  E.,  Hydraulic  Machinery,  Workshop,  1874,  189. 

Jacksox,  W.,  elected  Associate,  1882,  47G. 

Jacobs,  C.  M.,  elected  Member,  1876,  57. 

Boiler  Corrosion,  Marine,  1884,  343. 
Jakemax,  C.  J.  W.,  elected  Member,  1878,  107. 

Tramways,  Blechanical  Traction,  1878,  420. 
James,  C,  elected  Member,  1877,  299. 

Presses,  Hydraulic  Packing,  1 877,  3(32. 
James,  Jabez,  decease,  1884,  3. — Memoir,  64. 

Steel,  Cliernoffs  papers,  1880,  236,  240. 
James,  John,  decease,  1874,  2. — Memoir,  21. 
J^uiES,  J.  W.  H.,  elected  Member,  1877,  72. 
JA3IES0X,  G.,  elected  Member,  1879,  398, 
Jamesox,  J.,  elected  Member,  1881,  16:1 

Coke,  Paper  on  Improvements  iu  the  Manufacture  of  Coke,  1883,  275. — 

Eemarks,  300. 
Printing  Machinery,  Paper  on  Printing  Machinciy,  1881,  511. — Eemarks, 
523,  524,  525. 
Jamiesox,  J.  L.  K.,  decease,  1884,  3. — Memoir,  65. 
Forging  of  Crank  Shafts,  1879,  472. 

Votes  of  thanks,  Eeplies  to,  1879,  564,  565  ;  to  President,  566. 
Jaedine,  J.,  elected  Member,  1882,  475. 
Jebb,  G.  K.,  elected  Member,  1876,  197. 
Jefferies,  J.  E.,  elected  Member,  1880,  489. 
Jefferiss,  T.,  elected  Member,  1881,  9. 
Jeffreys,  E.,  Eules,  1874,  29. 
Jeffreys,  E.  H.,  elected  Graduate,  1877,  299. 
Jemson,  J.,  elected  Member,  1876,  57. 

Jenkin,  H.  C.  Fi.eemix(;,  F.E.S.,  elected  Member,  1875,  189. 
Jenkixs,  a.,  elected  Member,  1884,  408. 
Jexkins,  E.,  elected  Graduate,  1880,  10. 
Jensen,  P.,  elected  Member,  1878,  107. 

Jessop,  J.,  elected  Member,  1878,  293.— Decease,  1884,  3. — Memoir,  66. 
Jet  Pujip,  Hydraulic,  1874,  292. 
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John,  W.,  Kiveted  Joints,  1S81,  271. 

Ships,  Iron  and  Steel  for,  1881,  564. 

Johnson,  C.  M.,  elected  Member,  1882,  15. 

Johnson,  S.,  elected  Member,  1SS2,  255. 

Johnson,  S.  W.,  elected  Member  of  Council,  1884,  21. 
Soulli-Wales  Mineral  Wagons,  1884,  429. 

Joints  for  vessels  to  resist  high  internal  pressure,  1878,  272,  277,  281,  286. 

Joints,  Riveted.     »S'ee  Riveting. 

JoLiN,  P.,  elected  Member,  1882,  145. 

Jones,  A.  F.,  elected  Graduate,  1878,  108. 

Jones,  F.,  elected  Member,  1884,  408. 

Jones,  F.  R.,  elected  Member,  1878,  558. 

Jones,  Haeey  E.  (London),  elected  Member,  1878,  558. 

Jones,  Herbert  E.  (Manchester),  elected  Member,  1881,  40'J. 

Jones,  J.,  decease,  1878,  21. — Memoir,  10. 

Jones,  S.  G.,  elected  Member,  1882,  475. 

Jones,  W.,  elected  Member,  1877,  72. 

Jordan,  E.,  elected  Member,  1883,  309. 

Jordan,  H.  K.,  Tyuewydd  Colliery  Inundation,  1877,  232. 

Jordan,  T.  B.,  Rock-Drilling  IMachinery,  Paper  on  Rock-Drilling  Machinery, 
1874,  77.— Remarks,  92,  94,  90. 

Jordan's  Air-compressing  pump,  1874,  88.— Stand  for  rock-drilling  machine, 
1874,  83.— Flange  drilling  and  turning  machine,  1878,  568,  576,  577. — 
Boiler-shell  drilling  machine,  1878,  571,  575,  570,  577. 

JossE,  H.,  elected  Member,  1884,  198. 

Joy,  D.,  elected  Member,  1880,  185. 

Cold  Air,  jMachines  for  producing,  1881,  128. 
Hammers,  Power  Hammers  with  ^lovable  Fulcrum,  1882,  210. 
Locomotives,  Compound,  1883,  452. 

Yalve-Gear,  Faper  on.  a  new  reversing  and  expansive  Valve-Gear,  1880, 
418.— Remarks,  430,  449-454. 

JiJNGERMANN,  C,  elected  Member,  1878,  558. 

Jute  Machinery,  Paper  on  the  manufacture  of  Jute,  by  W.  Fleming,  1880,  380. — 
Origin  and  development  of  jute  manufacture,  380. — Growth  of  jute,  and 
"  retting,"  381.— Softening,  381.— Breaker  card,  382. — Finisher  card,  384. 
— Drawing  frame,  385. — Second  drawing  frame,  387. — Roving  frame,  387. 
— Spinning  frame,  389.— Sizes-  of  yarn,  390. — Uses  of  jute,  391. 

Discussion. — Fleming,  W.,  Statistics  of  jute  manufacture,  392. — 
Routledge,  T.,  Use  of  jute  ends  for  paper-making,  392. — Cochrane,  C, 
Sack-making  and  sewing  machines,  392. — Cowper,  E.  A.,  Length  of  jute 
fibre,  mode  of  retting,  and  feeding  of  breaker  card,  392  ;  length  of  fibre 
iu   drawing-frame,   and    twisting    of    roving,    393. — Paget,   A.,  Original 
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natiu-al  length  of  jute  fibre,  and  length  in  yarn,  393. — Cowper,  E.  A., 
Length  of  long  and  short  fibres,  393. — Flemmg,  W.,  Bleaching  of  jute 
without  loss  of  strength,  393  ;  sack-se^\ing  by  machinery,  394  ;  retting  in 
cold  water,  394  ;  jute  cuttings  for  paper-raaking,  394  ;  feeding  of  breaker 
card,  394  ;  original  and  ultimate  lengths  of  fibre,  394  ;  dyeing  of  jute,  395. 

Jute  "Works,  visited  at  Barrow  meeting,  1880,  480, 

Justice,  H.  K.,  elected  Member,  1884,  80. 


K. 

Iveelixg,  H.  H.,  elected  Member,  1882,  145. 

Keex,  F.  W.,  elected  Graduate,  1883,  180. 

Kelson,  F.  C,  Valve,  Circular  Slide,  1877,  205. 

Kendal,  E.,  elected  Member,  1881,  409. 

Kennedy,  A.  B.  W.,  elected  Member,  1879,  38. — Honorary  Life  Member,  1883, 54. 

Brakes,  Effect  of,  upon  railway  trains,  1878,  487.— 1879,  199. 

Electric  Lighting,  1879,  259. 

Friction  at  High  Velocities,  First  lieport  on,  1883,  600-665. 

Locomotives,  Compound,  1879,  360,  362. 

Riveting,  Fairer  on  results  of  experiments  on  Riveted  Joints,  Series  I-VIIL 
made  for  the  Institution  of  Mechanical  Engineers,  1881,  205. — 
Remarks,  258, 287. — Report  on  further  experiments  on  Riveted  Joints, 
Series  IX,  1881,  712. — Eeport  of  experiments  on  Riveted  Joints 
with  high  bearing  pressures.  Series  X,  1882,  138. 

Shafting,  Strength  of,  1883,  220,  224. 

Steel,  Hardening  &c.,  1882,  38. 

Steel,  Tempered,  Molecular  Rigidity  of,  1883,  91. 

Traction  Engines  iu  India.  J  879,  528. 

Water-Power  Engines,  1879,  489. 

Water-Pressure  Mining  Engines,  1880,  200,  201. 
Kennedy's  Boilee-Shell  Drilling  Machine,  1878,  571,  575,  576. 
Kennedy's  Spiral  Punch.  1878,  235,  239,  243. 
Kenrick,  G.  H.,  elected  ^Member,  1875,  189. 

Kermode,  C.  C,  elected  Member,  1878,  31. — Decease,  1879,  22. — ^Memoir,  10. 
Kerr,  J.,  elected  Member,  1884,  199. 

Portable  Railways,  1884,  139,  149. 
Kershaw,  J.,  Railway  Traffic,  Cost  of,  1878,  207,  208. 
Kershaw,  T.  E.,  elected  Member,  1884,  408. 
Ivessler,  E.,  elected  Member,  1880,  310. 
Kilns  for  Portland  Cement,  1875,  49. — Hoflniann's,  1875,  56,  Note. 
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King,  C.  P.,  elected  (Graduate,  1SS4,  409. 

Kirk,  A.  C,  Cold  Air,  Machines  for  prodiiciiif;-,  1881,  128. 

Marine  Engine,  1881,  479. 
Kirk,  H.,  elected  Member,  1877,  26. 

Iron,   Homogeneous,   Pa'per   on   Homogeneous  Iron,    and   the   degree   of 
homogeneity  to  be  expected  in  iron  produced  by  various  systems  of 
puddling  and  subsequent  working,  1877,  48. — Remarks,  73,  90. 
JviRKALDY,  J.,  elected  Member,  1884,  1. 
KiRKWOOD,  J.,  elected  Member,  1875,  oil. 
KIEKWOOD,  T.,  elected  Member,  1882,  255. 
KiETLEY,  M.,  decease,  1874,  2.— Memoir,  22. 
KiTSON,  F.  W.,  elected  IMember  of  Council,   1875,   34. — Decease,   1878,   21. — 

Memoir,  11. 
KiTSON,  J.  H.,  elected  Member  of  Council,  1880,  24.— 1883,  53. 

Boiler  Feeder,  Fromentin  Aiitomatic,  1882,  488,  489,  490. 

Cutting  of  Metals,  1883,  262. 

Valve-Gear,  Joy's,  1880,  435. 
KiTSON,  J.,  JuN.,  Testing  Machine,  Single-Lever,  1882,  392. 
Klein,  T.,  elected  Member,  1874,  55. 

Klotz  Safety  Valve,  1877,  180,  194,  195.     See  Valves,  Safety. 
Knight,  J.  H.,  elected  Associate,  1875,  315.  . 

Knight,  K.  V.  J.,  Riveting,  Memorandum  of  exiieriments  on  Lap  Joints,  with 

rivets  of  different  sizes,  1881,  720. 
Knotters  for  Paper  Making,  187G,  141,  159,  IGO. 

Knowles  Supplementary  Governor,  1884,  157.    See  Engine  Recorder. 
Korting's  Injector,  1884,  176, 185. 
KoETRiGHT,  L.  M.,  elected  Graduate,  1877,  300. 

Raising  of  Wreck,  Paper  on  the  aj^pliances  and  operations  for  Raising  the 
Avreck  "  Edith  "  at  Holyhead,  1878,  116.— Remarks,  127. 
KuAUSs'  tramway  locomotive,  1878,  415.     See  Tramways,  Mechanical  Traction. 


L. 

La  Gileppe  EeservoiFv  Dam,  visited  at  Summer  meeting,  Belgium,  1883,  516. 

— Description,  553. 
Laing,  a.,  elected  Member,  1881.  624. 

Laird,  H.  H.,  elected  Member  of  Council,  1876,  26.-1878,  29. 
Lake,  W.  R.,  elected  Member,  1883,  179. 

Lalande  Battery,  1884,  451,  457,  459,  4G7,  468.     See  Railway  Electric  Signals. 
La  Lieve  Flax  and  Tow  Mills,  visited  at  Summer  meeting,  Belgium,  1883, 

517. — Description,  565. 
Labibert,  W.  B.,  decease,  1875,  3. — Memoir,  26. 
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Lameourn',  T,  W.,  elected  Member,  1878,  107. 

Lamps,  Safety,  1S79,  219.     See  Safety  Lamps. 

Lancashire  Boiler,  1876,  59.     See  Boiler,  Lancashire. 

Lancaster,  J.,  memoir,  1884,  402. 

Lander,  P.  V.,  elected  Graduate,  1883,  594. 

Landore    Siemens-Steel  Works,  Sicmeus-Martin  steel    works,  blast   fuiiiace, 

large  regenerative  hot-blast  stoves,  and  fire-brick  works,  1874,  241. 
Landore  Tin-Plate  "Works,  refinerj^,  forge,  rolling  mill,  and  preparing  and 

tinning  plates,  1874,  246. 
Langdon,  W..  elected  Member,  1881,  409. 
Lange,  F.  G.,  Wool-Combing  Machinery,  1882,  228. 
Lange,  F.  M.  T.,  elected  Member,  1881,  163. 

Wool-Combing  Machinery,  Paper  on  Wool-Combing  by  modern  machinery, 
1882,  214.— Eemarks.  225,  227. 
Lange,  H.  L.,  elected  Member,  1877,  165. 
Langley,  a.  a.,  elected  Member,  1879,  155. 

Dredger,  raper  on  the  Baziii  system  of  Dredging,  1882,  100.— Remarks, 
105,  115,  116. 
Langley  Barony  Lead  Mixes,  visited  at  Summer  meeting,  Newcastle,  1881, 618. 
Lapage,  E.  H.,  elected  ^Member,  1879,  583, 
Lap-Joints,  3Iemoranduin  of  experiments  on  Lap-Joints,  with  Piivets  of  different 

sizes,  by  R.  V.  J.  Knight,  1881,  720. 
Larsen,  J.  D.,  elected  Member,  1879,  398. 

Locomotive,  Brown's  Tramwaj',  1880,  69. 

Tramways,  Fuper  on  Permanent  Way  for  street  Tramways,   with  special 
reference  to  steam  traction,  1880,  188. — Remarks,  221. 
Larsen's    permanent    way    for    Tramways,   1880,   192,   194.      See  Tramways, 

Permanent  Way. 
Lartigl'e,  Delebccque,  and  Bauderali's  railway  brake  apparatus,  1878,  554. 
Lavalley',  a.,  elected  ^lember,  1881,  409. 
La  Vesdre  Wool-Combing  and  Spinning  AVorks,  visited  at  Summer  meeting, 

Belgium,  1883,  515.— Note  on  Works,  548. 
TjAwrence,  H.,  Engines,  Winding,  Direct- Acting,  1875,  236. 

Mining  Jlachinery,  1882,  369. 
Laws,  AV.  G.,  elected  Member,  1874,  256. 
Lawson,  J.  I.,  elected  Graduate,  1881,  10. 
Lawson,  F.  AV.,  elected  Member,  1882,  145. 
Laycock,  AV.  S.,  elected  Member,  1883,  309. 
Lea,  H.,  Friction  Experiments,  1883,  655. 
Lead  Processes,  Paper  on  some  recent  Luprovements  in  Lead  Processes,  by 

N.  C.  Cookson,  1881,  527. — Stationary  nature  of  lead  processes,  527. — 

Pattinson  desilverizing  process,  528. — Rozan  steam  desilverizing  process, 

529. — Advantages    and  disadvantages   of    ditto,    532. — Zinc  process  of 
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Lead  Processes  (continued). 

desilverizing.  532. — Rolling  or  milling  of  lead,  534. — Circular  knives  for 
dressing  oft'  finished  sheet,  535. 

Discussion. — Pattinson,  H.  L..  Principle  of  his  father's  process,  53G. — 
Cowper,  E.  A.,  Eozan  process  in  operation,  436. — EichjW.  E.,  Low  specific 
heat  and  latent  heat  of  lead,  536. — Cookson,  X.  C,  Corroboration  from 
practice,  537  ;  Eozan  process  makes  softer  and  purer  lead  than  Pattinson 
process,  537. 

Leake,  A.  H.,  elected  IVIember.  1884,  1. 

Leavitt,  E,  D.,  Jrx.,  elected  Member,  1883,  33. 

Leeds  Engin-eerixg,  History  of,  1882,  266.    See  Engineering  in  Leeds. 

Leeds  INIeetikg,  1882,  251. — Eeception,  251. — Deceases  of  "W.  Menelaus  and 
C.  P.  Stewart,  253.— Business,  254.— Votes  of  thanks,  258.— Excursions, 
&c.,  451. 

Leeds,  Works  visited  at  Summer  meeting,  Leeds,  1882,  451,  454-4G5. 

Lees,  J.,  elected  Member,  1874,  101. 

Leigh,  E.,  decease,  1877,  3. — Memoir,  19. 

Leigh,  J.  D.,  decease,  1879,  22. — Memoir,  11. 

Lenxox,  J.,  elected  Member,  1883,  309. 

Leox,  a.,  elected  Member,  1882,  16. 

Lepax,  E.,  elected  Graduate,  1884,  409. 

Leslie,  J.,  elected  Member,  1883,  309. 

Lewis,  G.,  elected  Member,  1878,  293. 

Presses,  Hydraulic  Packing,  1877,  372. 

Lewis,  H.  W..  elected  Member,  1884,  SO. 

Lewis'  Mebthte  Colliery,  visited  at  Summer  meeting,  Cardiff",  1884,  357,  370. 

Lewis,  "W.  T.,  elected  Member,  1884,  199. 

Library,  Doxatioxs  to,  1874,  2.-1875,  4.— 1870,  3.— 1877,  3.-1878,  25.— 
Arrangement  for  taking  books  out,  564. — Donations  to,  1879,30. — Scheme 
for  lending  books,  1879,  34.— Donations  to,  1880,  18.— Bequest  of  £100 
from  late  Eobert  Xapier,  1880,  186. — Donations  from  R.  A,  McLean, 
TVaring  Brothers,  and  G.  B.  Eennie,  1880,  311.~Napier  bequest,  1881, 
13,  18.— Donations  to,  1881,  20.-1882,  24.-1883,  46.— 1884,  14-19. 

Liege  Ibox  axd  Coal  Ixdustries,  Paper  on  the  History  of  the  Iron  and  Coal 
Industries  in  the  Lie'ge  district,  by  E.  de  Laveleye,  1883,  329. — Primitive 
manufacture  of  Malleable  Iron,  329. — Oldest  blast-furnace,  330. — Coke  for 
blast-furnaces,  330. — First  puddling  fm-nace  and  rolling  mill,  331. — 
Smelting  of  oolitic  ironstone,  331. — Blowing  engines,  hot  blast,  and 
Bessemer  steel,  331. — Cemented  steel,  332. — Present  position  of  iron  trade, 
332. — Statistics  of  progress,  333. — Discovery  of  Coal,  335. — Earliest  modes 
of  working  by  adits,  335. — Shafts,  tubbing,  and  sinking  by  compressed- 
air,  336. — "Winding  engines,  337. — Ladders,  cages,  and  man-engines,  338. — 
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Safety  lamps,  338. — Mechanical  ventilation,  3i0. — Pumpinjj  engines,  341. 
— Statistics  of  progress,  342. — Cost  of  pumping,  343. — Coking,  343. — 
Sources  of  information,  343. 

Liege,  Meeting  in  Liege,  1883,  307.    See  Belgian  Meeting. 

Life  MEMiiEKSHiP.     *S'ee  Kules. 

LffTS,  Paper  on  Hydraulic  Lifts  for  passengers  and  goods,  by  E.  B.  Ellington,  1882, 
119. — Introduction  of  lifts  worked  by  mechanical  power,  119. — Chain  lifts, 
119.— Power  employed,  and  attendant  risks,  121. — Hydraulic  jigger  lift  for 
high  pressures,  122 ;  ditto  for  moderate  pressures,  123 ;  ditto  for  low 
pressures,  124.  —  Direct-acting  Hydraulic  lifts,  125.  —  Conditions 
affecting  low-pressure  lifts,  125. — Use  of  counterbalance  chains  and 
weights,  12G.  —  Tommasi's  balancing  arrangement,  127.  —  Author's 
Hydraulic  Balance  lifts,  128.— Mode  of  action,  129. — Economy  of 
hydraulic  lifts,  131. — Hydraulic  lifts  of  large  power,  134. — Wagon  lift  at 
Seacombe  pier,  134 ;  ditto  at  Whitecross  Street  station,  134. — Table  of 
results  of  experiments  on  hydraulic  lifts,  13G. — Mode  of  estimating 
efficiency,  137. 

Adjourned  Discussion. — Walker,  B.,  Hydraulic  direct  lift  is  best  and 
safest,  152 ;  safety  apparatus  can  be  made  quite  reliable,  152  ;  worm  gear 
properly  applied  most  valuable,  152 ;  satisfactory  use  of  belt  for  driving 
lioists,  and  gas  engine,  153 ;  advantage  of  plate  chains,  153. — Colyer,  F., 
Chain  lift  unsafe  for  workmen,  154 ;  use  of  safety  apparatus  for  goods 
lifts,  154  ;  duplicate  wire  ropes,  154 ;  attachments  of  chains  to  cages,  155  ; 
loss  in  lowering  steam-lifts  by  steam  is  small,  155 ;  special  valve-box  for 
lifts,  155;  introduction  of  hydraulic-power  chain-hoists,  155;  pulleys 
should  be  of  large  diameter  for  wire  ropes,  150  ;  no  practical  limit  to  height 
for  direct-acting  ram-lifts,  156 ;  varying  strain  upon  ram,  156 ;  attachment 
of  counterbalance  chains  to  sides  of  cage,  157;  speed  of  working  ^or 
passenger  lifts,  157;  friction  of  ram  in  hydraulic  lifts,  358;  h3-draulic 
lifts  at  Seacombe  pier,  and  at  Anderton  canal,  158;  loss  of  power  from 
friction  of  worm  gearing,  159;  danger  of  belt  gear,  and  of  pitch  chains, 
159. — Davis,  A.,  Ellithorpe's  safety  lift  with  air-tight  well,  159. — 
Tweddell,  K.  H.,  Safety  of  chains  for  lifts,  160  ;  direct-acting  hydraulic 
lift  requires  no  head  room,  160 ;  objection  to  hemp-packing  serving  as 
brake,  IGl ;  low  useful  effect  with  wire  ropes,  IGl  ;  speeds  of  working 
lifts,  161 ;  ratio  of  length  to  diameter  of  ram,  1(51 ;  cyclic  elevator  witli 
continuous  motion,  161;  Bramah's  proposed  telescopic  lift,  162. — Rich, 
W.  E.,  Number  of  packings  in  hydraulic  lifts,  162  ;  danger  from  cylinder 
bursting  in  direct  ram-lift,  163;  prohibition  against  persons  travelling 
in  goods  lifts,  163 ;  objection  to  safety  apparatus,  163 ;  officiencies  of  lifts, 
164  ;  relation  between  efficiency  and  S2)ced8  of  working,  165. — Head,  J., 
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Lifts  (contiuued). 

Danger  attending  direct-acting  steam  lifts,  Wo ;  colliery  winding,  166 ; 
overhead  winding  engine  for  wire-rope  lift  at  blast-furnaces,  166. — 
Ellington,  E.  B.,  Safety  of  direct-acting  ram-lift,  167 ;  failures  of  safety 
apparatus,  1G7  ;  use  of  gas  or  steam  engines  for  getting  hydraulic  power, 
167 ;  Seacombe  hydraulic  lifts  distinct  from  Anderton  canal  lift,  168  ; 
limit  to  height  of  direct-acting  ram-lift,  16S ;  use  of  chain  lift  only  where 
direct-acting  ram  impracticable,  168 ;  cflBciency,  speed,  and  relative 
friction,  in  various  types  of  lifts,  169  ;  ratio  of  length  to  diameter  of  ram, 
171 ;  solid  and  hollow  rams,  172 ;  danger  of  cyclic  lift,  172 ;  short-link 
chain  preferable  to  plate  chain,  172 ;  defective  principle  of  chain-balanced 
direct  lift,  172 ;  counterbalance  weights  and  chains  unsuitable  for  high- 
pressure  lifts,  173;  advantages  of  hydraulic  balance,  173;  higher  speed 
with  same  quantity  of  water,  174  ;  friction  of  glands,  174. — Westmacott, 
P.  G.  B.,  Comparative  safety  of  chain  lift  and  direct-acting  hydraulic  lift, 
175;  arrangement  of  safety  apparatus  for  chain  lift,  175;  risk  of  accident 
to  hydraulic  lift,  176  ;  situation  of  machinery,  importance  of  light,  176. — 
Ellington,  E.  B.,  Eeasons  of  less  liability  to  accident  with  hydraulic- 
balance  lift,  176;  automatic  hydraulic  brake  to  check  rapidity  of 
descent,  177. 

LiGHTFOOT,  T.  B.,  elected  Member,  18f<0,  9. 

Cold  Air,    Paper    on   Machines   for   producing   Cold   Air,   1881,  105. — 

Remarks,  125,  130,  132. 
Water-Pressure  Mining  Engines,  1880,  262. 

Lighting,   Electric,   1878,   529,   553.— 1879,  238.— 1880,   266.      See  Electric 
Lighting. 

LniESTOXE  Pit,  Messrs.  Dixon  and  Burne's,  Dudley  Port,  1876,  338. 

LiXDAL  Moor  Iron  Mixes,  visited  at  Barrow  meeting,  1880,  484. 

LixnsAV,  Lord,  nominated  Honorary  Life  Member,  1878,  564. 

Liquid  Fuel,  1884,  272.     See  Petroleum  Fuel  in  Locomotives. 

LiSBaiAX,  T.,  elected  Member,  1876,  347. 

List,  J.,  elected  Member,  1881,  409. 

LiTESEY,  J.  M.,  elected  Associate,  1884,  199. 

Llewellyn,  "W.  H.,  decease,  187S,  21. — Memoir,  12. 

Lloyd,  F.  H.,  Tuyere,  Open  Spray,  Paper  on  the  Open  Spray  Tuyere  and  other 
blast-fm-nace  tuyeres,  1876,  350. — Kemarks,  359,  368,  370. 

Lloyd,  K.  S.,  elected  Member,  1882,  145. 

Lloyd,  Sampsox,  notice  of  decease,  1874,  253. — Eesolution  of  meeting,  255. — 
Memoir,  1875,  27. 
Eules,  1874,  30. 

Lloyd,  S.  Z.,  Bridge,  Erection  of,  over  the  river  Dal,  1876,  53. 

Hammers,  Power  Hammers  with  Movable  Fulcrum,  1882,  212. 
Puddling,  Mechanical,  1876,  275. 
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Lloyd's  Bute  Provixg  House,  Cardiff",  18S4,  364. 

Llwyxypia  Colliery,  Glamorgan  Coal  Co.'s,  Ehondda  Valley,  1S74,  234. — 
Visited  at  Summer  meeting,  Cardiff,  1884,  357,  372. 

LoAii,  M.  H.,  decease,  18S2,  17. — Memoir,  9. 

LocKHAKT,  W.  S.,  elected  Member,  1879,  38. 

Lock  Gates,  Cardiff  Docks,  1874,  122. 

LocKYEK,  X.  J.,  elected  Graduate,  1881,  1G4. 

LocOMOTiTE,  Baowx's  Tramway,  Paper  on  Brown's  Tramway  Locomotive,  by 
B.  C.  Browne,  1880,  44. — Requirements  for  a  tramway  locomotive,  44. — 
Extent  of  adoption  of  Brown's  engine,  44. — Description  of  engine,  45. — 
Distribution  of  steam.  46. — Valve-gear,  48. — Dimensions  and  particulars  of 
engines,  49. — Working  cost,  50. — Strasburg  engines,  51,  54. — Hamburg 
engines,  53,  55. — Comparison  with  other  i^ystems,  55. — Combined  car  and 
engine,  56. — ^Distinctive  character  of  tramway  locomotives,  56. 

Discussion. — Browne,  B.  C,  Additions  necessary  to  meet  Board  of 
Trade  requirements,  57.  —  Hughes,  H.,  Disadvantage  of  high  steam 
pressure  in  streets,  57;  construction  of  boiler  and  firebox,  position  of 
cylinder.',  use  of  spiral  bearing  springs,  58  ;  mode  of  condensing  exliaust 
steam,  59;  consumption  of  fuel,  and  cost  of  working,  60;  bad  state  of 
early  tramways,  60 ;  size  of  wheels,  GO ;  working  parts  should  be  few  and 
simple,  61 ;  injury  to  his  own  engines  in  Paris  from  presence  of  oil  in 
boiler,  61. — TVinby,  F.  C.  Features  desirable  in  tramway  locomotive,  C3 ; 
condensing  arrangement,  63. —  SchiJuheydtr,  W.,  Objection  to  use  of  dog- 
link,  63;  weakness  of  Brown  boiler,  64. — -Holt,  W.  L.,  Cost  of  working  in 
Strasburg,  64 ;  in  Hamburg  and  Paris,  65 ;  objections  to  working  a 
tramway  engine  by  only  one  man,  65 ;  advantage  of  machinery  being 
raised  from  ground,  66  ;  effect  of  oil  and  tallow  in  boilers,  67. — Crompton, 
R.  E.  B.,  Not  desirable  to  diminish  piston-speed  in  tramway  engines,  67; 
high  pressiure  not  objectionable,  67 ;  inadequate  condensation  of  exhaust 
steam,  67 ;  tramway  engine  should  have  vertical  boiler,  and  be  cheap,  68. 
— Hird,  H.,  Valve-gear  affected  by  vertical  play  of  axles,  68 ;  disadvantage 
of  larger  wheels,  68. — Larsen,  J.  D.,  Injury  to  engines  due  to  defective 
tramways,  69. — Halpin,  D.,  Valve-gear  not  affected  by  play  of  axle,  69. — 
Crampton,  T.  R.,  Tramway  should  be  stronger  than  ordinary  railroad,  69  ; 
arrangement  of  bearing  springs,  economy  of  fuel,  size  of  wheels,  70 ; 
proportions  of  tubes,  coning  of  wlieels,  71. — Alley,  S.,  Tramroads  in 
general  too  light,  71 ;  successful  working  of  engines  by  one  man,  71 ; 
failures  of  boilers  in  engines  working  in  Paris,  72. — Adamson,  D.,  Failure 
due  to  quality  of  water,  72 ;  weakness  of  Brown  boiler,  working  beam  not 
so  good  as  large  wheels,  73. — Peacock,  Richard,  No  injuiy  from  grease  in 
boilers  on  Metropolitan  Railway,  74. — Tomlinson,  J.,  Quantitj'  of  grease 
very  small  on  Metropolitan  Railway,  74  ;  cause  of  durability  of  fireboxes, 
7.1. — Cochrane,  C,  Caustic  soda  removes  corrosive  action  of  greasy  water. 
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75. — Cowper,  E.A.,  Action  of  acid  grease  cured  by  mixing  hard  water,  To  ; 
water  in  Paris  produced  greasy  scale,  75. — Browne,  B.  C,  No  real  objection 
to  higher  pressure,  76 ;  mode  of  manufacture  of  Brown  boiler,  76  ; 
protection  of  engine  from  dirt,  77  ;  particulars  of  condenser,  and  results  of 
working,  77  ;  fuel  consumption  at  Strasburg  and  Hamburg,  78  ;  advantage 
of  square  link,  79 ;  woi  king  of  tramway  engines  by  one  man,  79  ;  working 
of  engines  in  Paris,  79 ;  prospect  of  reducing  cost  of  tramway  engines,  80 ; 
present  tramways  far  too  light,  80  ;  wheels  in  Brown  engine  not  coaed,  81 ; 
mixing  of  condensed  steam  with  feed  water,  81. 

Locomotive  Ecxxixg  Shed,  Paper  on  the  new  Locomotive  Running  Shed  of 
the  Taflf  Yale  Railway  at  Cathays,  Cardiff,  by  C.  H,  Ptiches,  18Si,  2i3.— 
!Main  shed,  213. — Engine  pits,  244. — Workshops  and  offices,  244. — Drop 
pits,  245.— Yard,  245.— Sand  drying,  246. —Water  supply,  246.— Turntable, 
246.  —  Traverser,  247.  — Eoof,  247.  — Flange  lubi-icator,  248.— Jet  for 
washing  rails,  249. — High-speed  air-compressor,  249. 

Discussion. — Haswcll,  J.  A.,  Difficulty  in  getting  engines  out  of  shed, 
249 ;  advantage  of  turntables  instead  of  traverser,  250 ;  more  ground 
occupied  with  turntables,  250. — Riches,  T.  H.,  Convenience  for  "day-in  " 
engines,  250. — Wright,  W.  B.,  Comparative  difficulty  from  breakdown  of 
turntable  and  of  traverser,  251 ;  traverser  should  be  at  inner  end  of  shed, 
251.— Carbutt,E.H.,  XatureofTaff  Yale  traffic,251.— Riches,  T.H.,Engines 
work  out  very  rapidly,  252 ;  relative  risk  of  damage  with  traverser  and 
with  turntable,  252 ;  detaUs  of  Taff  Vale  traffic,  252.— Fearfield,  J.  P., 
Instance  of  accident  with  turntable,  253. — Tomlinson,  J.,  Reason  for 
design  of  shed,  253. — Bell,  L  L.,  Locking  up  of  engines  or  of  money,  254. 
— Riches,  C.  H.,  MoJe  of  getting  engines  in  and  out  of  shed,  254  ; 
turntables  cost  more  than  traverser,  255;  objection  to  placing  traverser  at 
inner  end  of  shed,  255 ;  inconvenience  for  "  day-in "  engines,  255 ; 
convenience  of  repairing  shop  in  running  shed,  250. 
Shed  visited  by  Members,  157. 

Locomotive  with  Joy"s  Yalve-Gear,  1880,  432-5,  440,  444,  448,  480. 

Locomotives,  Compouxd,  Taper  on  the  Compounding  of  Locomotive  Engines,  by 
A.  Mallet,  1879,  328. — Compounding  in  locomotives  seems  specially 
advantageous,  328. — Steam-jacketing  of  doubtful  use  for  locomotives.  328. 
— Special  expansion  gear  causes  complication  and  increased  cost,  329. — 
Objections  raised  to  compounding,  330. — Author  first  introduced  compound 
system  on  Biarritz  railway,  330. — Description  of  engines  used  for  the 
Biarritz  railway,  331.  —  Results  of  working,  333. —  Engines  for  the 
Haironville  railway,  and  results  of  working,  334. — Self-acting  reducing 
valve,  337. — Compounding  of  existing  locomotives,  339. — Goods  engine, 
Xorthem  railway  of  Spain,  339. — Passenger  engine,  Orleans  railway,  340. 

I 


130  L. 

LocoMOTiTES,  Compound  (continued). 

— Conclusions,    343. — Table   of  dimensions   of   compound    locomotives, 
346. 

Discussion. — Mallet,  A.,  Eeal  position  of  the  engine  on  the  Orleans 
railway  as  to  economy,  348 ;  greater  uniformity  of  power  with  compound 
engines,  349. — Tomlinson,  J.,  Jun.,  In  case  of  large  locomotives,  difiSculties 
and  expense  increased  by  compound  system,  349. — Webb,  F.  W.,  Has 
altered  an  engine  to  compound  system  with  apparent  success,  350 ;  system 
should  be  tried  on  imderground  railways,  350. — Daniel,  W.,  Experiments 
with  compound  semi-portable  engine,  351. — Crampton,  T.  K.,  Nothing 
gained  by  grades  of  expansion  higher  than  six,  353. — Webb,  F.  ^V.,  Effect 
on  bearings  of  working  with  high  expansion,  353. — Crampton,  T.  K.,  No 
difBculty  in  making  even-going  engines  with  not  above  six  grades  of 
expansion,  354. — Phillips,  J.,  Not  same  amount  of  pressure  in  simple  and 
in  compound  engine,  354. — Cowper,  E.  A.,  Same  economy  cannot  be 
obtained  with  simple  as  with  compound  engine,  354 ;  advantages  of 
steam-jacketing,  354  ;  cut-off  in  compound  engine,  355  ;  necessary  to  cut 
off  at  half  stroke,  356 ;  chief  drawback  to  compounding  locomotives  is 
want  of  room,  356 ;  no  difSculty  in  compounding  high-pressure  engines  in 
general,  357. — Crohn,  F.  W.,  "Continuous  expansion"  steam  engines, 
357. — Schonheyder,  W.,  Compounding  would  relieve  locomotives  from 
severe  stress  during  first  half  of  stroke,  358  ;  simple-cylinder  engines 
cannot  give  same  efficiency  as  compound-  358 ;  utilitj-  of  steam-jacket  up 
to  150  revolutions,  359;  cut-off  in  compound  engine,  359  ;  proper  way  of 
putting  together  indicator  diagrams  from  the  two  cylinders,  360.  — 
Kennedy,  A.  B.  W.,  Ditto,  361.  —  Gray,  J.  M.,  Coal  economy  not 
important  in  locomotives,  362 ;  high  back-pressure  prevents  economy 
from  expansion,  362. — Crampton,  T.  E.,  Jacketed  locomotives  satisfactory, 
363. — Daniel,  W.,  His  engine  not  steam-jacketed,  363. — Robinson,  J., 
Hopes  trials  will  soon  be  made  in  England,  363. 

Locomotives,  Compound,  Paper  on  Compound  Locomotive  Engines,  by  F.  W. 
Webb,  1883,  438. —  Experimental  compound  locomotive,  438. — Present 
compound  locomotives,  439. — Yalve-motiou,  440. — Consumption  of  coal, 
442. — Water-space  of  fire-box  under  the  grate,  442.— Eadial  axle-box  for 
leading  axle,  443. — Long  journals  for  axles,  444. — Steam  brake,  444. — 
Leading  dimensions  of  engine,  444. 

Discussion. — Mallet,  A.,  Mode  of  doing  away  with  coupling-rods,  446  ; 
steadiness  of  compound  locomotive,  446;  early  proposal  of  compound 
locomotive,  446. — Eich,  W.  E.,  Compound  agricultural  engines,  447 ; 
economv  of  compound  locomotive,  447 ;  water  in  low-pressure  cylinder, 
448  ;  intermittent  blast,  448 ;  straightness  of  exhaust  line  in  high-pressure 
diaorams,    448;     advantage    of    steam-jacket,    449.  —  Gottschalk,    A., 
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C!ompounding  of  locomotives  for  mountain  lines,  449. — Crampton,  T.  E., 
Importance  of  simplicity,  450 ;  economy  mainly  due  to  extra  expansion, 
450;  advantage  of  doing  away  with,  coupling-rods,  450. — Borodin,  A., 
Starting  power  of  compound  locomotive,  451 ;  economy  obtained  higher 
than  can  be  due  to  compounding  alone,  452. — Webb,  F.  W.,  Economy 
partly  arises  from  doing  away  with  coupling-rods,  452. — Borodin,  A., 
Probable  adoption  of  compound  principle,  and  of  condensation  in 
locomotives,  452. — Joy,  D.,  Advantages  of  compound  locomotive,  453; 
desirability  of  equalising  power  in  the  cylinders,  454 ;  economy  in 
consumption  of  water,  454  ;  higher  steam-pressure  for  compound  locomotive, 
454. — Morandiere,  J.,  Early  design  for  compound  locomotive,  455. — 
Halpin,  D.,  Advantage  of  radial  axle-box,  455 ;  importance  of  steam- 
jackets,  456 ;  consumption  of  water  in  compound  locomotive,  457 ;  relative 
efficiency  of  non-condensing  and  condensing  engines,  '457. — McDonnell, 
A.,  Importance  over-rated  of  doing  away  with  coupling-rods,  45S ;  number 
of  cylinders  is  matter  of  convenience,  459. — Stroudley,  W.,  Economy  from 
compounding  is  established,  459 ;  still  better  results  from  compounding 
goods  engines,  459. — McDonnell,  A.,  What  kind  of  coal  used,  460. — 
Crampton,  T.  E.,  What  quantity  of  coal  for  lighting  up  and  shunting, 
460. — Webb,  F.  W.,  Cranks  of  high-pressure  cylinders  at  right  angles, 
460;  exhaust  line  of  high-pressure  cylinders  at  right  angles,  4C0;  exhaust 
line  of  high-pressure  diagram,  460;  mode  of  taking  indicator  diagrams, 
460 ;  Welsh  coal  used,  460 ;  present  running  of  compound  locomotives, 
460 ;  comparative  complication  in  engines,  461 ;  quantity  of  fuel  and 
water  carried,  461 ;  first  performance  of  compound  locomotive,  461 ; 
objection  to  coupling-rods  for  engines  on  very  sharp  curves,  462. 

Locomotives,   Compeessed-Aie,  for   Tramways.    See  Compressed-Air  Engines, 
18S1,  649. 

Locomotives,  Fieeless,  Paper  on  Fireless  Locomotives  for  Tramways,  by  L. 
Francq,  1879,  610. — Principle  of  fireless  locomotive,  611. — Description  of 
engine,  611. — Steam  expander,  613. — Particulars  of  fireless  locomotives, 
616.  —  Stationary  steam  boilers,  617.  —  Results  of  working  on  French 
tramways,  618. — Economy  of  working  as  compared  with  other  systems, 
620. — Practical  applications  of  the  system,  622. — Eeports  of  Austrian  and 
French  commissions,  623. — Application  to  other  purposes,  624. — Application 
to  railway  locomotives  of  principle  of  expansion  apart  from  the  cylinders,  624 . 
Discussion. — Bergeron,  C,  Working  of  fireless  locomotive  on  Marly 
tramway,  626  ;  difficulty  of  heating  whole  mass  of  water  in  reservoir,  626. 
— Campbell,  J.,  Difficulty  of  getting  boiler  steam  incorporated  with  water 
in  reservoir,  627. — Crampton,  T.  R.,  Economy  to  be  effected  by  fireless 
Ijcomotive,    627. — Piamsbottora,    J.,    Simplicity    and    safety   of   fireless 
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locomotive,  628 ;  question  of  expansion  apart  from  cylinders,  628  ; 
protection  of  engine  motion  from  dirt,  G28. — Tomlinson,  J.,  Difficulties 
opposing  application  on  Metropolitan  railway,  G29  ;  method  of  condensing 
on  Metropolitan  railway,  630. — Webb,  F.  W.,  Protection  of  machinery  &c. 
in  Brown's  tramway  locomotive,  630 ;  possibility  of  fireless  engines  on 
Underground  railway,  631.  —  Crampton,  T.  K.  Francq's  engine  not 
intended  for  long  runs,  631. — Paget,  A.,  Importance  of  low  pressure 
at  exhaust,  631. — Adamson,  D.,  Saving  in  dead  weight  with  fireless 
locomotive,  631 ;  advantage  with  low  pressure  due  only  to  particular 
arrangements,  632 ;  larger  surface  desirable  for  superheating  the  steam, 
632 ;  causes  of  economy  in  fireless  engine,  633.  —  Head,  Jeremiah, 
Advantages  resulting  from  saving  of  weight,  633 ;  ditto  from  no  blast 
being  needed,  634. — Eichardson,  W.,  Stationary  boilers  advantageous  for 
drawing  gas  from  sewers,  634. — Welch,  E.  J.  C,  Waste  of  mechanical 
work  in  wire-drawing  high-pressure  steam,  634 ;  high-pressure  more 
economical  than  low-pressure  steam,  635  ;  Cowper's  diagram  of  steam 
expansion  not  correct,  68.5  ;  better  to  produce  the  whole  exi^ansion  in 
cylinder,  635. — Cowper,  E.  A.,  Saving  of  weight  in  fireless  locomotive, 
635  ;  loss  of  power  by  expansion  of  steam  before  admission  to  cylinder,  636  ; 
prevention  of  noise  from  exhaust  steam,  637;  applicability  of  fireless 
locomotive,  637. — Campbell,  J.,  Time  occupied  in  charging  reservoir,  638  ; 
casing  of  reservoir  and  boilers,  638.  —  Bergeron,  0.,  Circumstances 
prohibiting  use  of  locomotives  with  fires,  638  ;  retention  of  heat  in  reservoir 
of  fireless  engine,  639. — Kobinson,  J.,  Fireless  locomotive  easily  adapted 
to  give  whole  expansion  in  cylinders,  639 ;  water  not  evaporated  is  not 
thrown  away,  640 ;  absence  of  blast-pipe  admits  of  complete  expansion, 
640 ;  engine  motion  might  be  placed  above,  640 ;  use  of  fireless  engine 
upon  light  railways,  640. 

Reply  on  the  discussion  upon  Fireless  Locomotives,  by  L.  Francq,  1880, 
37. — Chief  items  of  working  cost  in  tramway  engines  are  wages  and 
maintenance,  37. — Working  parts  of  fireless  engines  are  too  near  ground, 
but  repairs  insignificant  through  absence  of  ashes,  37. — Application  of 
liot-water  engine  to  underground  railways,  38. — Condensation  of  steam  on 
underground  railways,  and  on  tramways,  39. — Steam  expander  does  not 
produce  electricity,  40. — Advantage  of  expanding  before  admission  into 
cylinders,  41. — Theoretical  loss,  "but  not  important,  42. — Practical  results 
with  fireless  engine,  43. 
Locomotives,  Flange  Lubricator,  1884,  248.  Jet  for  washing  rails,  1884,  249. 
Locomotives,  Fuel  Consumption,  Paper  on  the  Consumption  of  Fuel  iu 
liocomotives,  by  G.  Marie',  1884,  82. — Modern  advance  in  economy  of 
fuel,   82. — Proper   way   of   reckoning   fuel    consumption   in   locomotives, 
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82. — Author's  first  experiments  in  1877,  83. — Experiments  repeated  in 
1882,  83. — Choice  of  line,  S3. — Choice  of  train,  84. — Principal  dimensions 
of  engine,  84. — Calculation  of  work  done,  85. — Consumption  of  fuel, 
85.  —  Correction  for  difference  of  heat  in  boiler,  87.  —  Consumption 
of  fuel  per  eflfective  HP.  per  hour,  88. — Consumption  of  water  and 
production  of  dry  steam,  88. — Nature  of  fuel,  88.  —  Kemarks,  89.  — 
Further  experiments,  89.  —  Conclusions,  90.  —  Experiments  by  M. 
Kegray,  90.  —  Locomotives  ought  to  have  large  heating  surface  and 
large  cylinders,  91. — High  piston-speed  is  favourable  to  economy  in 
fuel,  91.  —  Consumption  of  fuel  depends  on  skill  of  drivers,  91.  — 
Tabular  summary  of  experiments,  92-95. — Comparison  of  practical  with 
theoretical  results,  96. — Efficiency  of  boiler,  96.  —  Feed-water  should 
be  heated  with  exhaust  steam,  96.  —  EflSciency  of  boiler  and  engine 
together,  96. — Efficiency  of  engine  alone,  97. — Comparison  with  Corliss 
engine,  98. — Increased  boiler  pressure  is  necessary  for  further  economy, 
99. — Mr.  Webb's  compound  locomotive,  99. — Ordinary  valve-gear  gives 
expansion  enough  with  ordinary  boiler-pressure,  99. — Paris  and  Lyons 
express  engines,  100. — With  higher  pressures,  either  better  valve-gear 
must  be  employed,  or  the  compound  system,  100. — Compound  system  will 
give  better  results  with  goods  engines  than  with  express,  101. 

Discussion. — McDonnell,  A.,  Care  bestowed  on  author's  experiments,  101; 
compound  plan  less  simple  in  goods  than  in  passenger  engines,  but 
promises  better  results,  102. — Eamsbottom,  J.,  Locomotive  boiler  shows 
good  results  as  a  steam  generator,  102 ;  higher  pressiure  necessary  for 
.  compound  system,  103. — Kobinson,  J.,  Author's  object  in  improvement  of 
locomotive  is  economy  of  fuel,  either  by  increased  pressure,  or  by  use  of 
compound  engine,  103;  economy  in  Mr.  Webb's  compound  passenger 
engines,  104. — Tomlinson,  J.,  Economy  by  higher  pressure  may  be  bought 
too  dear,  105;  high  piston-speed  is  the  secret  of  success  in  compound 
engines,  105 ;  compound  engine  would  fail  for  short  runs,  105 ;  economy  of 
25  per  cent,  not  possible  from  compounding,  except  in  condensing 
engines,  105 ;  advantage  of  doing  away  with  coupling-rods,  106 ;  shorter 
duration  of  boilers  and  of  gland  packings  with  higher  pressure,  106. — 
Halpin,  D.,  Experiments  on  Bavarian  State  Railways,  106;  recent 
improvements  in  indicators,  107;  Crosby  indicator,  and  Boys  power 
meter,  107;  complete  indicating  tackle  used  by  M.  Regray,  107;  net 
power  available  for  traction,  108;  efficiency  of  various  tj-pes  of  boilers, 
108 ;  comparative  table,  109 ;  superiority  of  locomotive  boilers  both  in 
rapidity  and  in  economy  of  evaporation,  110 ;  beneficial  effects  of  tremor  in 
running,  110 ;  economy  of  fuel  and  of  repairs  is  not  the  sole  object  to  be 
aimed  at,  111;  relation  of  power  to  weight  of  locomotives,  111;  recent 
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performances  of  compound  locomotive,  112;  saving  of  water  as  well  as  of 
coal  by  use  of,  exhaust-steam  injectors,  113  ;  steadiness  of  boiler  pressure 
in  working  of  compound  locomotive,  113. — LongriJge,  M.,  Economical 
results  of  compounding  are  due  chiefly  to  increase  in  pressure  and  in 
grade  of  expansion,  114  ;  limit  now  very  nearly  attained  of  economy  from 
increase  of  pressure,  114. — Eich,  W.  E.,  Comparative  results  from 
locomotive  and  portable  engines,  115. — Aspinall,  J.  A.  F.,  Satisfactory 
results  from  compound  locomotives,  115. — Banderali,  D.,  Importance  of 
Mr.  Webb's  experiments,  116. — Eobinson,  J.,  Compound  locomotive  now 
being  made  for  Western  Railway  of  France,  116. — Paget,  A.,  Mr.  Webb 
should  be  asked  to  reply  to  remarks  about  compound  locomotives, 
116. — Tomlinson,  J.,  Nursing  of  improvements,  116. — McDonnell,  A., 
Experimental  results  are  better  than  average,  117. — Tomlinson,  J., 
Difference  between  best  and  average  drivers,  117.  —  Cowper,  C.  E., 
Duration  of  trials,  118;  meaning  of  indicated  horse-power,  118. — 
Bell,  I.  L.,  Duty  of  driver  to  nurse  his  engine,  118;  experimental  results 
always  better  than  in  regular  work,  118;  evils  of  insuflficient  or  excessive 
admission  of  air  to  fire,  119 ;  importance  of  chemical  part  of  subject,  119. 
— Webb,  F.  W.,  Average  coal  consumption  and  mileage  of  compouad 
locomotives,  119;  trial  of  compounded  side-tank  engine  on  Madeley 
incline,  120;  particulars  of  trip  with  Scotch  express,  120. — Marie,  G., 
Increased  pressure  and  improved  mechanism  are  both  necessary  for 
economy,  121 ;  ordinary  locomotives  not  suitable  for  high  pressure  and 
great  expansion,  121;  recent  improvements  in  indicators,  121 ;  friction  of 
pistons  and  valve-gear,  122;  priming,  122;  comparison  of  author's 
experiments  with  those  on  compound  locomotive,  122;  trial  of  express 
locomotive  on  Paris  and  Lyons  railway,  122 ;  weight  of  tender  should  be 
included  witli  train,  123 ;  advantage  of  large  cylinders  and  large  heating 
surface,  124 ;  compound  locomotive  with  higher  expansion  is  suitable  for 
higher  pressure,  124;  steam-jacket  unnecessary  for  locomotives,  124; 
measurement  of  entire  fuel  consumption  precludes  error  from  short 
duration  of  trial,  124 ;  anticipated  superiority  of  compound  locomotives 
with  higher  pressures,  125. 

liOCOMOTiVES,  Petroleum  Refuse  as  Fuel  in  Locomotives,  1884,  272.  See 
Petroleum  Fuel  in  Locomotives. 

Locomotives  vpon  Tramways.  See  Tramways,  Mechanical  Traction,  1878, 
409. — Compressed  Air,  1881,  649. — Locomotives,  Fireless,  1879,  610. 

Locomotive  Works,  visited  at  Glasgow  meeting ;  North  British  Railwaj-,  1879, 
5G9. — Neilson  and  Co.,  570. — Caledonian  Railway,  570. — Diibs  and  Co., 
571. 
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IjOGass,  "W.,  elected  Member,  1874,  55. 

LoxDON  Meetings  of  Ixstitutiox,  Alteration  of  Rules,  1874,  28,  29,  30,  31,  32. 

LoxGBOTTOii,  L.,  elected  Member,  1884,  408. 

LoNGRiDGE,  M.,  elected  Member,  1880,  310. 

Locomotives,  Fuel  ConsumiDtion,  1884,  114. 

Engine  Recorder,   Faper  on   the  Moscrop   Engine   Recorder,   and   the 
Knowles  Supplementary  Governor,  1884,  150. — Remarks,  163. 
LoNGEiDGE,  R.  C,  elected  Member,  1875,  314. 

Riveted  Joints,  1881,  2G6,  2G7,  268. 
LONGEEDGE,  W.  S.,  memoir,  1879,  11. 
LoNGwoKTH,  D.,  elected  Member,  1880,  185. 

Cutting  of  Metals,  1883,  250. 

Hammers,  Taper  on  Power  Hammers  ■with  Movable  Fulcrum,  1882,  204. 
—Remarks,  212. 
LoNTiN  Machine  for  electric  lighting,  1878,  530,  543.     See  Electric  Ligliting. 
Lord,  E.,  decease,  1876,  3. — Memoir,  22. 
Lord,  W.,  elected  IMember,  1882,  475. 
Losada,  Capt.,  Traction  Engines  in  India,  1879,  520. 
LowcoCK,  A.,  elected  Member,  1884,  408. 
LowDON,  J.,  elected  Member,  1884,  80. 
Lowe,  S.  H.,  elected  Member,  1883,  179. 
LowooD,  J.  G.,  elected  Associate,  1881,  409. 
Lowthian,  G.,  elected  Graduate,  1879,  398. 

LoTELBACH  FACTORIES,  transmission  of  i^ower  by  wire  ropes,  1874,  57. 
LuPTON,  A.,  elected  Member,  1877,  72. 

Mining  Machinery,  1882,  370. 
LiJTHY,  R.,  elected  Member,  1878,  31.— Memoir,  1884,  403. 

Gauge,  Standard  Gauge  for  High  Pressures,  1880,  473. 
Lye  Cross  Colliery,  1876,  332. 
Lynde,  J.  G.,  decease,  1884,  3. — Memoir,  GQ. 

Compressed-Air  Engines  for  Tramways,  1881,  676. 

Tramways,  Permanent  Way,  1880,  203,  221. 
Lynde,  J.  H.,  elected  Member,  1878,  107. 
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Macbeth,  N.,  elected  Member,  1883,  593. 
MacCarthy,  S.,  elected  Member,  1884,  408. 
MacColl,  H.,  elected  Member,  1877,  26. 
Macdonald,  A.  v.,  elected  Member,  1879,  398. 
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Macdonald,  E.  M.,  elected  Graduate,  1881,  10. 
Macfarlane,  AV.,  Vote  of  thanks,  Reply  to,  1879,  565. 

Water-Pressure;,Eegulators,  1879,  438,  439. 
Machinery  for  Cultivating  Land  by  Horse-power,  1880,  529.    See  Cultivation 

by  Horses. 
Machinery  for  Preparing  and  Spinning   Cotton,   1880,  492.     See  Cotton 

Spinning  Machinery. 
Machines  for  producing  Cold  Air,  1881,  105-132.     See  Cold  Air. 
Macilraith,  J.,  elected  Associate,  1883,  34. 
Mackay,  J.,  decease,  1874,  2.— IMemoir,  22. 
Mackenzie,  T.  B.,  elected  Graduate,  1883,  591. 
3IACKINT0SH,  A.  E.,  elected  Member,  1884,  199. 
Mackisson's    permanent    way    for    Tramways,   1880,   199.         See    Tramways, 

Permanent  Way. 
Maclagan,  E.,  elected  Member,  1875,  189. 
MacLellan,  J.  A.,  elected  Member,  1877,  1G5. 
MacXay,  W.,  decease,  1883,  36.— Memoir,  19. 
Macpherson,  a.  S.,  elected  Member,  1884,  80. 
Madge,  H.  J.,  elected  Member,  1878,  293. 
Maginnis,  J.  P.,  elected  Member,  1879,  155. 
Magnetic  Chuck,  1875,  38.     See  Cliuck,  Electro-Magnetic. 
Magnet,  Currie  Long-Pull,  1884,  445.     See  Eailway  Electric  Signals. 
3Iair,  J.  G.,  Iron  and  Steel,  Physical  condition  of,  1S84,  59. 
Power  Transmission,  1881,  97. 
Water-Pressure  Eegulators,  1879,  437. 
Mais,  H.  C,  elected  Member,  1884,  409. 
Malan,  E.  de  M.,  elected  Graduate,  1883,  34. 
Malcolm,  B.,  elected  Member,  1879,  398. 

Mallet,  A.,  Locomotives,  Compound,  Paper  on  the  Compounding  of  Locomoti"-e 
Engines,  1879,  328.— Eemarks,  348, 
Locomotives,  Compound,  1883,  446. 

Tramways,  Paper  on  Mechauical  Traction  upon  Tramways,  1878,  395. — 
Eemarks,  437. 
Mallory,  G.  B.,  elected  Member,  1881,  624. 
Mane,  M.,  elected  Member,  1882,  255. 
Manlove,  W.  M.,  elected  Member,  187G,  197. 
Manning,  J.,   Mayor   of  Nottingham,   Welcome   to   Members    at  Noltinghnm 

meeting,  1884,  407. 
Manning,  J.,  decease,  1875,  3. — Memoir,  29. 
Mannock,  T.,  elected  Graduate,  1878,  108. 
Mansergh,  J.,  elected  Member,  1875,  G~). 
IIappin,  W.  S.,  elected  ilember,  1882,  16. 
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Mabie,  G.,  elected  Member,  1878,  558. 

Brakes,  Paper  on  recent  Brake  experiments  upcn  tlie  Lyons  railway,  1879, 

157.— Kemarks,  19G,  202,  213,  217. 
Gauge,  Paper  on  a  Standard  Gauge   for  High  Pressures,  1880,  455. — 

Eemarks,  475. 
Locomotives,  Papier  on  the  Consumption  of  Fuel  in  Locomotives,  1884,  82, 
—Eemarks,  121. 

Makiejioxt  and  BASCorp  Colliebies,  visited  at  Summer  meeting,  Belgium, 
1883,  517. — Description,  570. 

MAEffiAYE  Collieries,  visited  at  Summer  meeting,  Belgium,  1883,  513,  530. 

Makixdix,  F.  a..  Brakes,  Eifect  of,  upon  railway  trains,  1878,  G30. 

Mabixe  Boileb  Cobbosiox,  1884,  331;  Admiralty  practice,  351.  See  Boiler 
Corrosion. 

^Iarixe  Exgixe,  Paper  on  the  Progress  and  Development  of  the  Marine  Engine, 
by  F.  C.  JIarshall,  1881,  449.— Former  paper  by  Sir  Frederick  Bramwell, 
449.— Subsequent  progress  realised,  450.— Table  of  particulars  and  fuel 
consumption  of  compound  marine  engines,  452. — Cumpound  two-cylinder 
vertical  engine,  with  receiver,  450. — Single  Woolf  or  tandem  engine,  with 
single  crank  and  fly-wheel,  453. — Double  and  triple  tandem  engines,  453. — 
Three-cylinder  "NVoolf  engine,  453.— Thres-cylinder  intermediate-receiver 
compound  engine,  454. — Three  principal  types  of  compound  engine,  455. — 
Marine  boiler,  single-ended  and  double-ended,  455. -Holt's  double-ended 
boiler,  456. — Navy  boiler,  457. — Thomycroft's  boiler,  locomotive  type, 
457. — Perkins'  boiler,  458. — Steel  boilers,  458. — Corrosion  of  boilers,  459. 
—Superheating  of  steam,  4G0. — Present  demand  for  largely  increased 
power,  4G0.— "Weight  of  machinery,  water,  and  fuel,  460. — Consumption 
of  fuel,  4G3.— Letter  of  Mr.  Alfred  Holt,  463.— Efficiency  and  safety,  465.— 
Locomotive  boiler  with  forced  draught,  4G9. — Economy  from  higher 
pressures  of  steam,  471. — Losses  with  high  pressure,  472. —  Surface 
condenser,  474. —  Air  and  circulating  pumps,  474. —  Use  of  steel  fur 
shafts,  475. — Steel  castings,  crank-shafts,  and  propeller-blades,  47  G. — 
Screw  propellers,  476. — Summary  of  progi-ess,  477. 

Discussion. — Marshall,  F.  C,  Saving  in  fuel  greater  from  inferior  coal 
now  used,  479. — Kirk,  A.  C,  Steam  pressure  and  expansion  quite  high 
enough  in  present  engines,  479 ;  coal  economy  has  not  kept  pace  with 
increased  weight  and  cost  of  engines,  480 ;  distinction  between  "Woolf 
engine  and  receiver  engine,  480  ;  multiplication  of  engines,  481 ;  reduction 
in  weight  of  engines,  481  ;  origin  of  three-cylinder  compound  engine, 
482 ;  boilers,  marine  and  locomotive  type,  482 ;  circulation  of  water  in 
condensers,  483 ;  steel  castings,  and  testing  of  cast-steel  pistons,  483 ; 
size  of  screw-propeller,  483. — Crow,  G.,  Handling  of  single-crank  tandem 
engines,  484 ;    relative  economy   of  "Woolf  and  receiver  engine,  484. — 
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Eogersou,  J.,  Economical  results  from  Perkins  boiler,  485 :  soundness  of 
steel  castings,  486. — Bramwell,  Sir  F.  J.,  Mode  of  ascertaining  indicated 
horse-power,  486 ;  result  of  trial  of  Perkins  engines,  486  ;  construction  of 
surface  condenser,  487  ;  use  of  forced  draught  with  anthracite  coal,  487. — 
Parker,  W.,  Reduction  in  fuel  consumption  must  become  slower,  487 ; 
pressures  in  present  marine  boilers,  488  ;  boiler  shells  in  solid  rings,  488  : 
difference  between  Board  of  Trade  and  Lloyd's  rules  for  strength  of 
boilers,  488  ;  two  screws  better  for  large  steamers,  489. — Eich,  "W.  E., 
Tables  should  give  weight  of  steam  used,  490 ;  use  of  Froude's  marine 
dynamometer  for  the  screw-propeller,  490 ;  improved  valve-gear  and  valves, 
491 ;  reduction  of  condensing  surface,  491. — Nichol,  B.  G.,  Three  views  as 
to  future  of  the  marine  engine,  491 ;  advantages  of  single  engine,  492 ; 
economical  results  of  compound  engines,  492 ;  improvement  by  forced 
draught,  492;  means  of  checking  coal  consumption  and  supply,  493. — 
Fox,  S.,  Corrugated  flues,  number  made,  evaporative  power,  and  mode  of 
manufacture,  493. — Head,  Jeremiah,  Higher  boiler  pressure  calls  for  higher 
temperature  in  firebox,  495  ;  loss  of  heat  through  nitrogen,  496 ;  strength 
of  boiler  as  affected  by  plates  breaking  joint,  496  ;  factor  of  safety  should 
loe  determined  by  elastic  limit,  497. — Crampton,  T.  E.,  Economy  of  boiler 
and  engine  should  be  separated,  497 ;  advantages  of  single  engine,  498 ; 
circulation  of  condensing  water  by  pressure  or  by  suction,  498 ;  advantages 
of  self-acting  firing,  and  use  of  dust-fuel,  498. — Eeynolds,  E.,  Irregular 
power  from  single  engine,  499 ;  comparison  of  locomotive  type  of  boiler 
for  locomotive  and  marine  purposes,  500  ;  necessity  for  suificient  area  of 
water  surface,  501. — Adamson,  D.,  Selection  of  best  type  of  marine  engine, 
501 ;  percussive  action  of  single  engine,  502 ;  advantages  of  quadruple 
engine,  502  ;  riveted  joints,  and  use  of  corrugated  flues,  504. — Marshall, 
F.  C,  Practical  limit  of  steam  pressure,  504  ;  dead-weight  capacity  and 
measurement  capacity,  505 ;  light  engines  might  be  best,  though 
necessarily  costly,  505 ;  locomotive  type  of  boiler,  506  ,•  difference  of  coal 
consumption  in  Woolf  and  receiver  engines,  507  ;  accuracy  of  tabulated 
results,  507 ;  results  of  Perkins  boiler  and  engine,  508 ;  restrictions  by 
Board  of  Trade  and  by  Lloyd's,  508  ;  corrugated  flues,  508 ;  importance  of 
coal  consumption  in  marine  engines,  509. 

1/Labine-Exgixe  Dyxamometer,  1877,  237.     See  Dynamometer,  Marine-Engine. 

Marine  Engixeerixg,  North-East  Coast  Exhibition,  1882,  472.     See  Exhibition. 

Marine  Governor,  Pneumatic,   1879,  400. — "  Velometer,"  410.    See  Governor, 
Marine. 

Marine  Hydraulic  Machinery,  1874,  33.    See  Hydraulic  Machinerj%  Marine. 

Markham,  C,  Dock,  Victoria  Floating,  1878,  180. 

Engines,  Pumping,  Direct- A-cting,  1874,  274,  277. 
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Haequand,  a.  J.,  elected  Member,  1884:,  80. 
Marrack,  p.,  elected  Graduate,  1883,  34. 
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Marine  Engine,  Faper  on  the  Progress  and  Development  of  \  he  Marine 

Engine,  1881,  449.— Remarks,  479,  504. 
Petroleum  Fuel  in  Locomotives,  1884,  308. 
Steam-ship  "City  of  Rome,"  1880,  349,  356. 
Valve-Gear,  Joy's,  1880,  430,  44G. 
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Marshall,  W.  P.,  Watt,  Inventions  of  James  Watt,  1883,  G2G. 
Martell,  B.,  Ships,  Iron  and  Steel  for,  1881,  561. 

Marten,  E.  B.,  Accidents,  Mine,  Paper  on  Special  Mechanical  Appliances  fur 
meeting  the  requirements  of  certain  classes  of  Mine  Accidents,  by 
C.  Hawksley  and  E.  B.  Marten,  1877,  314. 
Boiler  and  Engine,  High-Pressure,  1877,  130. 
Boiler  Feeder,  Fromentin  Automatic,  1882,  490. 
Diving  Appliances,  1882,  195. 
Engines,  Pumping,  Direct-Acting,  1874,  274. 
Iron  and  Steel  for  Boilers,  1879,  317. 
Tynewydd  CoUiery  Inundation,  1877,  229. 
Valves,  Safety,  1877,  193. 
Water  Meters,  1882,  86. 
Watt,  Inventions  of  James  Watt,  1883,  G28. 
Martin,  E.  P.,  elected  Member,  1881,  163. 
Martin,  H.,  elected  Member,  1878,  107. 
Martin,  R.  F.,  elected  Member,  1880,  185. 
Martindale,  W.  B.  H.,  elected  Graduate,  1882,  255. 
Martley,  W.,  decease,  1875,  3. — Memoir,  29. 
Masefield,  R.,  elected  Member,  18S2,  255. 
3Iason  Science  College,  visited  at  Autumn  meeting,  Birmingham,  1833,  5d7, 
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Massicks,  T.,  elected  Member,  1880,  489. 
Mather,  J.,  elected  Member,  1876,  197. 
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Mather,  W.,  Steel,  Fluid-Compressed,  and  Guns,  1S75,  292. 

Mather,  W.  P.,  elected  Member,  1883,  179. 

Matheson,  H.  C,  elected  Member,  1882,  475. 

Matthews,  J.,  elected  Member,  1875,  189. 

Matthews,  T.  W.,  elected  Member,  1875,  189. 

M.A.TTOS,  A.  G.  DE,  elected  IMember,  1875,  35. 

Maw,  M.  H.,  elected  Graduate,  1882,  16. 
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Gauge,  Standard,  for  High  Pressures,  1880,  473. 
Maxim,  H.  S.,  elected  Member,  1884,  409. 
3Iat,  K.  C,  decease,  1883,  36.— Memoir,  20. 
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McCleax,  F.,  elected  Member,  1874,  55. 
McClean,  J.  K.,  decease,  1874,  2.— Memoir,  23. 
McCoxNOCHiE,  J.,  Docks,  Cardiff,  Paper  on  the  Bute  Docks,  Cardiff,  and  the 

Mechanical  Appliances  for  shipping  Coal,  1874,  119. — Kemarks,  143. — 

Paper  on  recent  extensions  of  Dock  Accommodation  and  Coal-Shipping 

Machinery  at  the  Bute  Docks,  Cardiff,  1884,  227.— Eemarks,  239,  241. 
IMcDoNALC,  J.  A.,  elected  Graduate,  1878,  108. 
McDonnell,  A.,  Brakes,  Aiitomatic  Action  in,  1880,  134. 

Brakes,  Effect  of,  upon  railway  trains,  1878,  627. 

Forging  of  Crank  Shafts,  1879,  477. 

Locomotives,  Compound,  1883,  458,  460. 

Locomotives,  Fuel  Consumption,  1884,  101,  117. 
McGregor,  J.,  elected  Member,  1881,  624. 
McKay,  J.,  elected  Member,  1881,  163. 
McKay's  Hydraulic  Equilibrium  Drill,  1878,  569. 
McKean's  PERCUssn-E  Drill,  1875,  111. 
jMcLachlan,  J.,  elected  Member,  1880,  310. 
McLaren,  K.  L.,  elected  Graduate,  1882,  146. 
McLean,  W.  L.  E.,  elected  Member,  1879,  583. 

Forging  of  Crank  Shafts,  Pcqier  on  the  Forging  of  Crank  Shafts,  1879, 
461.— Ptemarks,  479. 
McOnie,  W.,  Jun.,  elected  Member,  1884,  2. 
Meats,  J.  T.,  elected  Member,  1882,  145. 

Mechanical  Appliances  for  Mine  Accidents,  1877,  314.    See  Accidents,  IMine. 
Mechanical  Fire  Feeder,  1876,  318.    See  Fire  Feeder,  Mechanical. 
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Mechanical  Puddling,  1876,  244.     See  Puddling,  Mechanical. 

Mechanical  Kesearch.     See  Research. 

Mechanical  Traction  vpon  Tramways,  1878,  395.     See  Tramwaj-s,  Mechanic.l 

Traction. 
Mechanical  Ventilators.     See  Ventilators,  Mechanical,  for  Mines,  1875,  317. — 

Ventilator,  Roots'  Mine,  1877,  92. 
Medway  River,  approach  to  Chatham  dockyard.   See  Docks,  Pumping  Machinery, 

1874,  145. 
Meetings,  Attendances  at,  1874,  28.— 1875,  6.— 187G,  6.— 1877,  6.— 1878,  23.— 

1879,  26.— 1880,  14.— 1881,  14.-1882,  21.— 1883,  40.-1884,  7. 
Meik,  C.  S.,  elected  Memher,  1881,  624. 
Mekarski's  system  of  working  tramways.     See  Tramways,  Mechanical  Traction, 

1878,  395. 
Melen,  E.,  Wool-Washing  Works,  visited  at  Summer  meeting,  Belgium,  1883, 

515. — Note  on  Works,  547. 
Melin,  a.,  Sugar,  Taper  on  the  Manufacture  of  Sugar  in  Belgium,  1883,  3(j8. 
Melrose,  J.,  elected  Member,  1883,  33. 
Memoirs  of  Members   deceased,   1874,   16. — 1875,  19. — 1876,  17. — 1877,  16. — 

1878,9.-1879,  9.— 1880,  1.-1881,  1.— 1882,  1.— 1883,  1.-1884,  61,  398, 

472. 
Menelaus,  W.,  elected  Vice-President,  1874,  26. — 1875,  34.— 1876,  26.-1877, 
25. — Member  of  Council,  1878,  29.-1880,  24.— Decease,  1882,  253 ; 
1883,  36.— Memoir,  1883,  20. 

Address  of  President,  1880,  322. 

Engines,  Pumping,  Direct- Acting,  1874,  272. 

Hydraulic  Machinery,  Toulon,  1878,  390. 

Rules,  1878,  39. 
Menier  Chocolate  Works  at  Xoisiel,  visit  to,  1878,  550. 
Menier,  H.,  elected  Member,  1878,  558. 
Menzies,  W.,  elected  Member,  1876,  197. 

Mebryweathek,  H.,  elected  Member,  1877,  72. — Decease,  1882,  17. — Memoir,  9. 
Merryweather,  J.  C,  elected  Member,  1875,  189. 
Meuryweather,  R.  M.,  decease,  1878,  21. — Memoir,  13. 
Merryweather's  tramway  locomotive,  1878,  411,  415,  416,  420.     See  Tramways, 

Mechanical  Traction. 
Merthyr   Sewage    Farm,  downward   intermittent   filtration   areas,  and    wide 

irrigation  land,  1874,  237. 
Merthyr  Vale  Colliery,  Messrs.  Nixon's,  pit-head  gear  and  winding  engines, 

1874,  236. 
Messent,  p.  J.,  Tyne  Improvements,  Description  of,  1881,  612. 
Metals,  Cutting  of,  1883,  226.     See  Cutting  of  Metals. 
Meters  for  registering  Small  Flows  of  Water,  1882,  41.     See  Water  Meters. 
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Meter,  Water,  Barton  and  West's,  1879,  444.     See  Water  Meter. 

Meters,  Testing,  1884,  190.     See  Testing  Current-Meters. 

Metsey-Thompsox,  a.  H.,  elected  Member,  1881,  163. 

Engineering  in  Leeds,  Paper  on  tlie  History  of  Engineering  in  Leeds. 
1882,  266. 

MiCHELE,  V.  D.  DE,  elected  Member,  1877,  165. 

MiDDLETON,  E.  E.,  elected  Member,  1884,  199. 

MiERs'  plan  of  movable  cotferdam,  for  removing  screw-propellers,  1878, 179. 

MiLBURN,  J.,  elected  Member,  1874,  10  L 

Millar,  W.  J.,  Reply  to  vote  of  thanks,  1879,  565. 

MiLLES,  R.  S.,  elected  Graduate,  1881,  164. 

MiLLOM  Blast  Furnaces,  visited  at  Barrow  meeting,  1880,  486. 

Milward's  Needle  Works,  Eedditch,  1876,  341. 

M.I.M.E.,  use  of  initials,  1880,  311. 

Mine  Accidents,  1877,  314.  See  Accidents,  Mine.  See  Tyncwydd  Colliery 
Inimdation,  1877,  221. 

Mine  Pumping  Engines.     See  Engines,  Pumping,  Direct-Acting,  1874,  258. 

Mineral  Wagons,  South-Wales,  1884,  415.    ^ee  South- Wales  Mineral  Wagons. 

Mines.  Prevention  of  explosions,  1879,  237.  Influence  of  coal  dust,  229,  230, 
231,  235,  236.  Electric  lighting  of  mines,  229,  232,  236.  See  Safety 
Lamps. 

Mines,  Paper  on  the  Hrematite  Iron  Mines  of  the  Furness  district,  by  J.  L.  Shaw. 
1880,  363. — Geological  features,  363. — Extent  of  ore  deposits,  364. — Depth 
of  deposits  below  surface,  365. — Quality  of  ore,  365. — Modes  of  working, 
365.— Timbering,  367.— Output,  368.— Trial  borings,  368.— Winding  and 
pumping  engines,  368. — Adits,  369. 

Discussion. — Wadham,  E.,  Uncertiinty  of  h£ematite  deposits,  and 
consequent  irregular  method  of  working,  369 ;  subsidence  of  surface  over 
workings,  370;  sinking  of  main  shaft,  370;  timbering,  371. — Cowper, 
E.  A.,  Haematite  ore  not  magnetic,  371. — Wadham,  E.,  North  and  south 
direction  of  Furness  mineral  veins,  371. — Cochrane,  C,  Wliether  search 
made  for  iron  ore  beneath  Yoredule  shales,  372. — Wadham,  E.,  Ore  found 
beneath  Yoredale  shales  at  Stank,  372. — Schneider,  H.  W.,  Uncertainty 
of  iron  ore  deposits,  and  discovery  of  Stank  mine,  372 ;  Park  mine  and 
neighbouring  deposits,  373. — Adamson,  D.,  Geological  conditions  of 
district,  374 ;  analogies  from  other  districts,  375 ;  probable  position  of 
iron  ore  deposits,  37G. — Shaw,  J.  L.,  Prevalence  of  iron  in  all  rocks,  37G. 
Schneider,  H.  W.,  Eise  and  progress  of  Barrow,  and  development  of 
iron  mining  in  Furness  district,  377-9. 

Mines,  Ilaimatite  Mines  vitited  at  Barrow  meeting,  1880,  484-7. 

Mines,  Electricity  for  working  Coal  Mines,  1883,  421.  See  Electricity  for  Coal 
Mines. 
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]\Irs"ES,  Mechaxical  Ventilators  for.     See  Ventilators  for  Klines,  Mechanical, 

1875,  317.— Ventilator,  Boots'  Mine,  1877,  92. 
Mining  Engines,  Water-Pressure,  1880,  245.  See  "Water-Pressure  Engines. 
Mining  Machinery,  Paper  on  Mining  IMachinery,  by  H.  Davey,  1882,  319. — 
Shaft-sinking,  319 ;  percussive  boring  tools,  319 ;  diamond  drill,  320  ; 
Kind-Chaudron  system,  322. — Pumping,  323;  methods  of  pumping  during 
sinking,  325  ;  trip-gear  for  limiting  speed  of  engine,  326. — Winding,  327  ,- 
cam  gear  for  expansion  and  reversing,  327;  improvements  in  direct-acting 
vrinding  engines,  327 ;  high  speed  of  direct  winding,  327. — Underground 
pumping,  328 ;  experience  in  deep  mines  of  Comstock  lode,  Xevada,  328  p 
hydraulic  pumping  engines  underground,  329. — Underground  hauling, 
330 ;  comparative  efficiency  of  air  and  water  engines,  331.— Ventilation, 
331 ;  efficiencies  of  mechanical  ventilators,  332 ;  duty  of  furnaces,  333. — 
Economical  application  of  power,  331,  334. 

Appendix  on  Shaft-Sinking  in  the  Westphalian  district,  by  W.  T.  and 
T.  R.  Mulvany,  335.— Chalk  formation  of  Westphalia,  336.— Shaft-sinking 
on  old  German  system,  339. — Ditto  on  Kind-Chaudron  system,  340. — 
Hibernia  collierj',  340. — Shamrock  colliery,  341. — Erin  colliery,  342. — • 
Hansa  colliery,  346.  —  Zollern  colliery,  351.  —  General  remarks  and 
deductions,  355. — Advantage  of  sinking  two  shafts  together,  356. — Causes  of 
difficulties  in  sinking,  357. — Advantages  of  tubbing,  358. — Comparison  with 
Kind-Chaiidron  process,  359. — Further  improvements  in  pumping  desirable^ 
362.— Rate  of  sinking  shafts,  362.— Cost,  363.— Channel  tunnel,  363. 

Discussion.  —  Davey,  H.,  Heavily  watered  mines  in  Westphalian 
coalfield,  364 ;  advantage  of  special  pumping  shaft  to  bottom  of  water- 
bearing strata,  365. — Greig,  D.,  Kind-Chaudron  process  at  Wliitburn,. 
365 ;  compressed-air  preferable  to  water-pressure  for  underground  engines, 
366;  objection  to  very  large  winding  engines,  366. — Cowper,  E.  A., 
Advantage  of  trip  gear  for  checking  speed,  307;  good  arrangement  of 
bell-cranks,  367. — Walker,  B.,  Condensers  worked  by  separate  engines, 
307;  efficiency  and  advantages  of  compressed  air,  367;  travelliag  crane- 
worked  by  air,  3GS  ;  utility  of  fly-wheels,  369. — Lawrence,  H.,  Mode  of 
preventing  choking  of  bore-hole  while  sinking  large  pit,  369  ;  adoption  of 
Chaudron  process  at  Whitburn,  370 ;  advantage  of  large  winding  engines- 
for  deep  shafts,  370. — Lupton,  A.,  Quantity  of  minerals  raised  in  Great 
Britain,  370 ;  sinking  of  shafts  in  metal  mines  and  in  coal  mines,  370 ; 
methods  of  boring,  371 ;  rough  average  for  cost  of  boring,  371 ;  Kind- 
Chaudron  process,  372 ;  objection  to  sinking  bore-holes  in  advance 
of  shaft,  372 ;  useful  effect  from  compressed  air,  373 ;  disadvantage 
of  hydraulic  hauling  machinery,  373 ;  means  of  transmitting  power 
underground,  374 ;  Koepe  system  of  winding  by  short  rope,  374 ;  caloric 
engines,  374. — Head,  J.,  Ventilation  by  pressure  instead  of  by  exhaustion. 
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374. — Hall,  W.  S.,  Conical  drum  or  tail  ropes  for  counterbalancing  in 
winding,  375 ;  taper  ropes  for  great  depths,  376 ;  winding  at  Sand  well 
Park  colliery,  376 ;  particulars  of  winding  gear,  377 ;  light  steel  cages  for 
quick  winding,  377 ;  Fowler's  system  for  loading  and  unloading  cages, 
377;  best  pressure  for  compressed  air,  correction  of  mistranslation,  378. — 
Smith,  M.  H.,  Suggestion  for  absorption  of  fire-damp,  379. — Browne,  B.  C, 
Underground  locomotives,  380. — ^Davey,  H.,  Kind-Chaudron  process  only 
good  where  pumping  is  impossible,  380;  compressed-air  engines  less 
efScient  than  hydraulic,  380 ;  trip-gear  designed  especially  for  compound 
engines,  381 ;  prevention  of  choking  up  of  bore-hole,  381 ;  preliminary 
boring  of  small  piimping  pit,  382  ;  failure  of  fly-wheels  on  heavy  pumping 
engines,  383. 

Moffat,  T.,  elected  Member,  1879,  398. 

MoLESwoRTH,  G.  L.,  elected  Member,  1879,  .398. 

MoLESwoRTH,  J.  M.,  elected  Member,  1882,  16. 

MoLixos,  L.,  elected  Member,  1881,  409. 

MoscBiEFF,  "W.  D.  Scott-,  Compressed-Air  Engines  for  Tramways,  1881,  649. 
See  Scott-Moncrietf. 

ISIoNROE,  R.,  elected  Member,  1881,  80. 

MoxT  Cexis  Tuxxel,  rock-drilling  machine,  1871,  99. 

MooKE,  B.  T.,  elected  Member,  1884,  2. 

Moore,  J.,  elected  Member,  1876,  57. 

Moore,  E.  St.  G.,  elected  Member,  1882,  255. 

Moore,  S.,  decease,  1875,  3. 

Morasdiere,  J.,  Locomotives,  Compoimd,  1883,  455. 

Mordey  Carney  axd  Co."s  Shipbuildixg  Works  and  Dry  Docks,  Newport, 
1884,  391. 

:Morela>-d,  E.,  Jrx.,  elected  Member,  1880,  186. 

MoRFA  Copper  Works,  Landore,  calcining,  smelting,  and  refining  furnaces,  an<l 
rolling  mill,  1874,  244. 

Morgan,  J.  L.,  decease,  1876,  3. — Memoir,  23. 

Morgans,  T.,  Expansion,  Variable  Automatic,  1877,  291. 
Eock-Drilling  Machinery,  1877,  217. 
Tynewydd  Colliery  Inundation,  1877,  230. 

MORIN,  General  A.  J.,  decease,  1881,  11.— Memoir,  5. 
Brakes,  Effect  of,  upon  railway  trains,  1878,  479. 
Friction  at  High  Velocities,  Letter  on,  1883,  066. 

:Morris,  E.  E.,  elected  Member,  1880,  9. 

Morris,  E.  L.,  elected  Member,  1874,  250. 

3I0RR1S0N,  H.  M.,  Power  Transmission  by  Eopes,  Paper  on  the  Transm'ssi  .n  of 
Water  Power  by  Turbines  and  Wire  Eopes,  1874,  56. — Eemarks,  73. 


M.  145 

MoscROP  Engine  Recorder,  18Si,  150.    See  Engine  Recorder. 
MoscROF,  J.  B.,  Engine  Recorder,  1884,  160. 

MoTTARD,  M.,  Mayor  of  Liege,  Welcome  to  Members  at  Belgian  meeting,  188i{, 
307. 

MOUNTSTCJART  SmrBUILDING,  GRAVING  DoCKS,  AND  ENGINEERING  WORKS,  Cardiff, 

1884,  238,  363. 
Mower,  G.  A.,  elected  Member,  1884,  199. 
Mowing  Machines.     See  Harvesting  Machinery. 
Mueseler  Safety  Lamp,  1879,  222.     See  Safety  Lamps. 
MciKHEAD,  R.,  elected  Member,  1876,  347. 

Traction  Engines  in  India,  1879,  .515. 
MuLVANT,  W.  T.  and  T.  R.,  On   Shaft-Sinking  in   the  "Westphalian    district 

(appendix   to   paper  on   Jlining  Machinery),   1882,   335.      See  Mming 

jNIachinery. 
MvNDELLA,  A.  J.,  Patent  Laws,  1876,  192,  195. 
Murray,  T.  H.,  decease,  1879,  22.— Menioir,  12. 
McsGRAVE,  J.,  elected  Member,  1881,  164. 

Rope  Gearing,  1876,  391,  398. 
MusGRAVE,  W.  M.,  elected  Member,  1882,  475. 
MwYNDY  Iron  Ore  Mine,  Llantrissant,  1874,  247. 
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Naish,  "W.  p.,  elected  Member,  1876,  28. 

Napier,  J.,  elected  Vice-President,  1874,  26. 

Napier,  J.  M.,  Patent  Laws,  1875,  180. 

Napier,  R.,  decease,  1877,  3. — Memoir,  20. — Bequest  of  £100  applied  to  Library, 

1880,  186. 
Neate,  p.  J.,  elected  Member,  1883,  309. 
Needle  Works,  Redditch,  1876,  341. 
Nelson,  J.,  elected  Member,  1884,  199. 
Nesfield,  a.,  elected  Member,  1881,  624. 
Nettlefold,  H.,  elected  Graduate,  1882,  146. 
Nettlefold,  J.  H.,  decease,  18S2,  17. — Memoir,  9. 
Nettlefolds'  Screw  Works,  Smethwick,  1876.  327. 
Neville,  R.,  elected  Member,  1879,  398. 
Newall,  J.  W.,  elected  Graduate,  1878,  108. 
Newall,  R.  S.,  elected  Member,  1879,  38. 

Newburn  Steel  Works,  visited  at  Newcastle  meeting,  ISSl,  607. 
Newcastle  Daily  Chronicle  Office,    visited    at  Newcastle  meeting,   1881, 

609. 

E 


146  N. 

Newcastle  Meettsg,  Announcement,  1881,  32,  165. — Meeting,  407. — Eeceptioi*' 

407. — Business,  408. — Votes  of  thanks,  412. — Excursions  &c.,  595. 
Newman,  F.,  elected  Member,  1881,  409. 

Filter,  Farquhar,  1881,  157,  158, 

WaterMeters,  1882,  75. 
Newport  WaRKs,  visited  at  Summer  meeting,  Cardiff,  1884,  359,  392. 
Newspaper  Printing  Machine.     See  Printing  Machinery,  1881,  511. 
Newton;  W.  E.,  decease,  1880, 10.— Memoir,  8. 

Chuck,  Electro-Magnetic,  Paper  on  Jaques  Oakley  and  Sterne's  Electro- 
Magnetic  Chuck  for  holding  special  work  in  lathes  &c.,  1875,  38. 

Docks,  Cardiff,  1874,  134. 

Patent  Laws,  1875,  174,  184.— 1876,  183. 

Puddling,  Mechanical,  1876,  261. 
Newton,  W.  M.,  elected  Member,  1876,  347. 
NiCHOL,  B,  G.,  elected  Member,  1881,  164. 

Coke  Manufacture,  1883,  295. 

Marine  Engine,  1881,  491. 
NiCHOLL,  E.  M.,  elected  Member,  1882,  475. 
NiCHOLLS,  J.  M.,  elected  Member,  1854,  199. 
Nicholson,  H.,  elected  Member,  1884,  80. 
Nicholson,  T.  H.,  elected  Member,  1SS4,  199. 
Nicholson,  "W.  E.,  elected  Member,  1884,  80. 
NicoLSON,  D.,  elected  Member,  1877,  72. 
Nixon's  Navigation  Collieky,  Aberdare  Valley,  winding  engines  with  couicaS 

drums,  1874,  235. 
NOAKES,  W.  M.,  elected  Member,  1884,  409. 
Noble,  S.  W.  A.,  elected  Graduate,  1882,  255. 
NonDENFELT,  T.,  elected  Member,  1882,  255. 
NoREis,  M.  O.,  elected  Graduate,  1881,  409. 
NoREis,  K.  S.,  decease,  1879,  22.— Memoir,  12. 
North,  G.,  elected  Member,  1883,  179. 
North,  J.  T.,  elected  Member,  1882,  475. 
NoRTHCOTT,  W.  H.,  elected  Member,  1878,  293. 
North-East  Coast  Exhibition  of  Marine  Engineering  &c.,  1882,  472.     Sec 

Exhibition. 
North  Lonsdale  Blast  Furnaces,  visited  at  Barrow  meeting,  1880,  484. 
Nottingham  Autumn  Meeting,  1884,  407. — Eeception,  407. — Business,  408. — 

Votes  of  thanks,  413. — Visits  to  works,  414. 
NuNNELEY,  T.,  elected  Member,  1882,  146. 
NuRSEY,  P.  F.,  Petroleum  Fuel  in  Locomotives,  1884,  312. 

Printing  Machinery,  1881,  523. 

Silver  Ore  Amalgamation,  1884,  269. 
Nye,  J.  II.,  decease,  1877,  3.— Memoir,  21. 
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Obsektatoky,  Paeis,  visit  to,  1878,  546. 

O'CoN-soK,  J.  F.,  elected  Graduate,  18S3,  310. 

Officers.     See  Council,  Members  of. 

Ogi  Paper  Mill,  Japan.     See  Paper  Mill,  Ogi,  1876,  127. 

Okes,  J.  C.  E.,  elected  Member,  1875,  35. 

OLDHA^r,  K.  A.,  elected  Member,  1880,  310. 

Oleice.  H.,  elected  Member,  1882,  475. 

Power  Transmission,  1881,  96. 
Olrick,  L.,  decease,  1881,  11. — Memoir,  6. 

Boiler  and  Engine,  High-Pressure,  1877,  125. 

Boiler,  Lancashire,  1876,  99,  114. 

Brakes,  Continuous,  for  railway  trains,  1878,  82. 

Condenser,  McCarter,  1876,  311. 

Electric  Lighting,  1879,  258. 

Fire-Feeder,  Frisbie  Mechanical,  1876,  321. 

High-Pressure  Vessels,  1878,  281,  282. 

Membership,  diplomas  of,  1878,  44,  562. 

Papers,  premiums  for,  1878,  43. 

Raising  of  wreck  "  Edith,"  1878,  128. 

Safety  Lamps,  1879,  237. 

Saw,  Direct- Acting  Circular,  1875,  132. 

Steel  Boiler  Experiments,  1878,  260,-262. 

Valves,  Safety,  1877,  183. 
OMMANyET,  F.  F.,  Engines,  Pumping,  Direct-Actiug,  1874.  274. 
Open  Sprat  Tctere,  1876,  350.     See  Tuyere,  Open  Spray. 
Obakge,  J.,  elected  Member,  1882,  475. 
Obmiston,  T.,  elected  Member,  1880,  310.— Decease,  1883,  36.— Memoii-,  22. 

Docks,  Barrow-in-Furness,  1880,  329. 

Steam-ship  "  City  of  Eome,"  1880,  346. 
OsBORX,  "W.  F.,  elected  Graduate,  1883,  594. 
OsBORXE,  E.  G.,  elected  Member,  1875,  315. 
OswELL,  W.  St.  J.,  elected  Graduate,  1881,  624. 
Otto  asd  Laxgex's  Atmospheric  Gas  Exglst:,  1875,  191.    See  Gas  En<nne, 

Atmospheric. 
OuGHTERSox,  G.  B.,  Expansiou,  Variable  Automatic,  1 877,  286. 
OcGREE  Blast-Fcexaces  axd  Collierles,  visited  at  Summer  meeting,  Belgiimi, 

1883,  513.— Description,  538. 
OcGREE  Irox  axt)  Steel  Works,  visited  at  Summer  meeting,  Belgium,  1883, 

513. — Description,  541. 
OwEX,  G.  C.  M.,  elected  Graduate,  1876,  347. 
OwEX,  W.,  decease,  1882,  17. — Memoir,  10, 
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Packing  for  HYCRArLic  Machinery,  1874,  50,  53,  13S,  139,  140,  183,  190,  192, 

194,  198.— 1877,  363,  366,  367,  368,  369,  371,  374,  375. 
Packing  Presses,  Hydraulic,  1877,  349.    See  Presses,  Hydraulic  Packing. 
Paget,  A.,  elected  Member  of  Council,  1878,  29.— 1881,  30.— 1884,  21. 

Accidents,  Mine,  jMecliauical  Appliances  for,  1877,  326. 

Armour,  Construction  of,  1879,  75,  82. 

Bath,  Floating  Swimming,  1875,  153. 

Blast-Furnace  Working,  1883,  152. 

Boiler  and  Engine,  High-Pressure,  1877,  128,  139. 

Boiler  Feeder,  Fromentin  Automatic,  1882,  493,  497. 

Boiler,  Lancashire,  1876,  117. 

Brakes,  Continuous,  for  railway  trains,  1878,  84,  91. 

Brakes,  Effect  of,  upon  railway  trains,  1878,  486,  626.— 1879,  202,  203. 

Chuck,  Electro-Magnetic,  1874,  43. 

Cutting  of  Metals,  1883,  255,  265. 

Drilling  Machines  for  Boiler  "Work,  1878,  583. 

Djmamometer,  Marine-Engine,  1877,  268. 

Dynamometers,  1876,  230,  243. 

Expansion,  Variable  Automatic,  1877,  291. 

Expansion  Gear,  Automatic,  1882,  434. 

Flowof  Solids,  1878,  334. 

Friction  Experiments,  1 883,  654. 

Gas  Engine,  Atmospheric,  1875,  203. 

Hammers,  Power  Hammers  with  l\lovable  Fulcrum,  1882,  211 

Harvesting  Machinery,  1881,  54. 

Heslop  Engine,  1879,  94. 

High-Pressure  Vessels,  1878,  284,  289. 

Injector  Hydrant^^  1879,  391. 

Iron  and  Steel,  Physical  condition  of,  1884,  59. 

Jute  Machinery,  1880,  393. 

Locomotives,  Francq's  Fireless,  for  Tramwaj^s,  1879,  631. 

Locomotives,  Fuel  Consumption,  1884,  IIG. 

Patent  Laws,  1875,  185. 

Power  Transmission  by  Eopes,  1874,  67,  68. 

Power  Transmission,  1881,  99. 

President,  illness  of,  1884,  412. 

Puddling,  Mechanical,  1876,  279. 

Railway  Traffic,  Cost  of,  1878,  209. 

liaising  of  wreck  "Edith,"  1878,  131,  132,  136. 

Hope  Gearing,  1876,  388. 
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Paget,  A.  (continued). 

Kules,  1874,  28,  30,  32.— 1875,  37,  315,  31G.— 1876,  28,  29,  31,  32,  34P.— 
1877,  42,  43,  44,  45,  4G,  47.— 1S7S,  35.— 1879,  43,  45.— 1880,  33.— 
1883,  596.— 1884,  27. 
Secretary,  Vote  to  late,  1878,  27,  112.— Appointment,  1884,  78. 
Shafting,  Strength  of,  1883,  222. 
South-Wales  Mineral  Wagons,  1884,  434,  443. 
Steam-ship  "  City  of  Rome,"  1880,  348. 
Steel  Boiler  Experiments,  1878,  242. 
Steel,  Chernoff's  papers,  1880,  233,  237. 
Steel  Compression  by  Steam,  1880,  408,  414. 
Steel,  Hardening  &c.,  1882,  149. 
Steel,  Tempered,  Molecular  Eigidity  of,  1883,  90. 
Testing  Machine,  Single-Lever,  1882,  399. 
Traction  Engines  in  India,  1879,  528. 
Tramways,  Mechanical  Traction,  1878,  426. 
Tramways,  Permanent  Way,  1880,  211. 
Tynewydd  Colliery  luimdation,  1877,  231. 
Valve-Gear,  Joy's,  1880,  440. 
Valves,  Safety,  1877,  187. 
Ventilators  for  Mines,  Mechanical,  1875,  327. 
Vote  of  thanks  to  retiring  President,  1880,  26. 
Water  Meter,  Barton  and  West's,  1879,  451. 
Water  Meters,  1882,  77,  91. 
Water-Power  Engines,  1879,  489. 
Water-Pressure  Regulators,  1879,  439. 
Paget,  B.,  elected  Associate,  1874,  101. 
PALCHOVDHrEi,  B.,  elected  Graduate,  1883,  180. 
Palmer,  C.  B.,  elected  Member,  1881,  9. 
Palmer,  J.  E  ,  Water  Meters,  1882,  96. 

Palmer's  Shipbuilding  and  Iron  Works,  visited  at  Newcastle  meeting,  1881, 610. 
Panton,  W.  H.,  elected  Member,  1877,  72. 

Paper  Mill,  Ogi,  Paper  on  the  Ogi  Paper  Mill,  Japan,  by  W.  Anderson,  1876, 
127. — Preparation  of  material  for  manufacture  of  paper,  127. — Sorting 
of  rags,  127.— Cutting,  128.— Dusting,  128.— Rag  boilers,  129.— Alkali- 
mixing  apparatus,  130. — Composition  of  solution,  131. — Washing 
machinery,  132. — Poachers  for  bleaching,  135. — Bleach-mixing  apparatus, 
136. — Beaters,  137. — Size  making,  138. — Paper-making  machine,  139. — 
Strainer,  139. — Knotters,  141. — Shake-frame  on  which  the  paper  is  made, 
142. — Vacuum  boxes,  144. — Couch  rolls,  145. — Press  rolls,  146. — Drying 
cylinders,  147. — Calenders,  148. — Self-acting  continuous  cutting  machine, 
149. — Lengths  of  paper  accurately  cut  by  cross  cutter,  150. — Difficulty 


150  P. 

Papeb  Mill,  Ogi  (continued). 

from  electricity  developed  by  drying  of  paj^er,   151. — Polisliing  rollers, 
152. — Steam  power  used  in  driving  the  mill,  152. — Erection  of  mill,  154. 

Discussion.  —  Anderson,  W.,  Mill  worked  successfully,  and  without 
skilled  attendants,  155;  samples  illustrating  processes,  155. — Amos,  C.  E. 
Kevolving  rag  boiler  found  best  adaj)ted  for  jjaper  making,  157. — Cowper, 
E.  A.,  Construction  of  first  machine  for  cutting  long  sheets  of  paper,  157. 
— Amos,  C.  E.,  Improvements  in  knives  of  cutting  machine,  158. — Cowper, 
E.  A.,  Bellows  knotter,  improvement  on  old  rapping  knotter,  159  ;  square 
rotating  knotter,  159  ;  mode  of  cutting  perforated  plates  for  knotters,  159  ; 
circular  knotters,  160  ;  construction  of  plates  in  Ibotson's  knotter,  160. — 
Amos,  C.  E.,  Square  rotating  knotters  objectionable  on  account  of  waste 
caused,  160 ;  improved  plan  of  knotter,  161. — Anderson,  W.,  Revolving 
square  knotters  not  suitable  for  great  regularity  of  work,  161 ;  revolving 
rag  boiler  found  very  good,  162. 

Papeks,  St-bjects  for,  1874,  7.— 1875,  10.— 1876,  8—1877,  7.-1878, 1.— 1879,  1, 

Paragon  Safety  Valve,  description  of,  1877,  184. 

Paris  Meeting,  1878,  293.^ — Votes  of  thanks,  545. — Works  visited  and  Excursions, 
546. — Dinner,  548,  555. — Conversazione,  550. 

Park,  J.  C,  elected  Member,  1877,  72. 

Parker,  "W.,  elected  Member,  1879,  38. 
Marine  Engine,  1881,  487. 

Park  Iron  Mine,  visited  at  Barrow  meeting,  1880,485. 

Parlane,  W.,  elected  Member,  1884,  199. 

Parrington,  M.  W.,  Description  of  Wearmouth  Colliery,  1881,  615,  616. 

Parry,  H.,  elected  Member,  1881,  624. 

Parsey,  W.,  Steel  Boiler  Experhnents,  1878,  245. 

Parsons,  Hon.  C.  A.,  elected  Graduate,  1880,  10. 

Parsons,  Hon.  R.  C,  elected  Member,  1878,  558. 

Brakes,  Effect  of,  upon  railway  trains,  1879,  212. 

Screw  Propeller,  Paper  on  the  loss  of  power  in  the  Screw  Propeller,  and 
the  means  of  improving  its  efficiency,  1879,  588. — Remarks,  599,  604, 
607,  608. 
Water  Meter,  1879,  450. 

Patent  Laws,  First  Special  Meeting  on,  1875,  163. — Bramwell,  F.  J.,  Object  of 
the  meeting,  163  ;  patent  law  of  1852  not  faultless,  but  had  worked  well, 
164;  opposition  raised  to  patent  laws,  165. — Cowper,  E.  A.,  Resolution 
moved,  166;  patent  laws  verj'  important  and  beneficial,  166;  objections 
to  proposed  bill,  166 ;  commissioners  of  patents  not  ajjpointed  ficcording  to 
1852  Act,  167  ;  provisional  specification  very  useful,  168. — Smith,  W., 
Administration  of  patent  law  would  be  left  exclusively  in  the  hands  of  the 
Lord  Chancellor,  169;   United   States  patent  law   unsatisfactory,   169; 
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Patent  La^ws  (continued). 

longer  period  of  protection  required,  170 ;  good  patent  libraries  better 
than  staff"  of  examiners,  170. — Carpmael,  "\V.,  Patent  should  represent 
opinion  of  competent  examiners,  171  ;  proposed  court  of  appeal 
incompetent,  171.  —  Campin,  F.  W.,  Proper  system  of  examination 
desirable,  172 ;  provisional  specification  and  protection  very  important, 
173. — Xewton,  W.  E.,  Eesolution  moved,  174;  provisional  specification 
and  protection  required,  174;  nature  of  examination  under  proposed 
bUl,  175;  patents  requu-ed  for  longer  than  seven  years,  175.  —  Wise, 
W.  L.,  Proposed  examination  too  comprehensive,  176;  adverse  report 
very  injurious  to  patentee,  178. — Siemens,  C.  W.,  Present  patent  law 
good,  though  requiring  improvement,  179;  examination  useful  if  not 
carried  too  far,  180. — Napier,  J.  M.,  Provisional  specification  necessary, 
180;  difficulty  in  means  of  search,  181.— Smith,  "W.,  Accumulated 
fund  ought  to  be  applied  in  reducing  charges,  181. — Carpmael,  W., 
Expense  of  search  conducted  by  private  agents  and  by  a  government 
department  compared,  182;  effect  of  adverse  reports,  182.  —  Wise, 
W.  L.,  Effect  of  adverse  reports,  182.— Tweddell,  E.  H.,  Resolution 
moved,  183  ;  objection  to  indiscriminate  patents  for  trifling  improvements, 
183 ;  patent  laws  of  this  country  preferable  to  foreign  laws,  if  1852 
Act  were  fully  carried  out,  183. — Campin,  F.  W.,  Confusion  of  colonial 
and  foreign  inventions  in  proposed  bill,  184. — Newton,  W.  E.,  English 
patent  destroyed  by  lapse  of  foreign  patent,  184. — Wise,  W.  L.,  Patents 
for  so-called  frivolous  improvements,  184. — Smith,  W.,  Power  given  to 
commissioners  by  1852  Act  never  carried  out,  184;  resolution  moved, 
185. — Paget,  A.,  Eesolution  moved,  185 ;  patent  laws  very  important  for 
development  of  manufactures,  185. — Bramwell,  F.  J.,  Objections  to 
proposed  bill,  186. 

Patent  Laws,  Second  Special  Meeting  on,  1876,  179. — Eavenhill,  J.  E.,  Present 
meeting  called  for  further  consideration  of  the  subject,  179. — Tweddell, 
E.  H.,  Necessity  for  agitating  against  bill  now  before  House  of  Commons, 
180 ;  resolutions  moved,  ISO. —  Crampton,  T.  E.,  Proposed  bill  very 
injudicious  and  prejudicial,  181. — Smith,  W.,  Not  advisable  for  proposed 
bUl  to  be  altogether  negatived,  but  modifications  required,  182. — Newton, 
W.  E.,  Proposed  bill  should  not  be  met  with  simple  negative,  but  objections 
should  be  pointed  out,  182 ;  present  patent  law  preferable,  if  1852  Act 
were  properly  carried  out,  183 ;  paid  commissioners  should  be  appointed 
to  carry  it  out  properly,  184  ;  commissioners  should  be  appointed,  not  for 
their  legal  knowledge,  but  for  their  scientific  knowledge,  185. — EavenhiU, 
J.  E.,  Better  refer  bill  to  select  committee  than  attempt  to  alter  clauses, 
185. — Crampton,  T.  E.,  Bill  should  not  be  thrown  out,  but  referred 
to  select  committee,  185. — Selwyn,  Adm.  J.  H.,  Principles  affirmed 
by    previous    meetings,    186;    patents    should    not   be    subject  to    law 
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oflBcers,  187;  objection  to  referring  bill  to  select  committee,  187. — Smith, 
"\V,  Not  desirable  to  refer  bill  to  select  committee,  but  House  of 
Commons  should  be  petitioned  to  alter  certain  clauses,  188. — Cole,  Sir  H., 
Eevenue  of  patent  otfice  not  properly  applied,  189 ;  lawyer  not  wanted 
at  the  head,  189 ;  wrong  appropriation  of  fees,  190  ;  if  present  law  were 
honestly  worked,  no  want  of  any  new  law,  190 ;  registration  cf  invention 
should  be  obtained  at  low  price,  191  ;  best  to  oppose  proposed  bill 
altogether,  191.— Fletcher,  H.  A.,  Proposed  bill  radically  bad,  191; 
present  system  of  paying  stamp  duty  in  large  sums  very  objectionable,  and 
small  annual  payments  recommended,  192. — Mimdella,  A.  J.,  Better  to 
propose  referring  the  proposed  bill  to  select  committee,  than  its  total 
rejection,  192 ;  promoters  of  bill  desire  abolition  of  patents,  193 ; 
necessity  for  modifying  bill  could  be  shown  before  select  committee,  194  ; 
amount  of  litigation  arising  from  patents  very  small,  194. — Crampton, 
T.  E.,  Necessity  for  united  action,  195. — Eavenhill,  J.  E.,  Bill  should  be 
referred  to  select  committee,  195. — Mundella,  A.  J.,  Commission  to  enquire 
into  state  of  patent  oflSce,  195. 

Pateeson,  W.  S.,  elected  Graduate,  1880,  310. 

Paton,  J.  M,  C,  elected  Member,  1877,  72. 

Patterson,  A.,  elected  Member,  1881,  9. 

Pattinson,  H.  L.,  Feed-Water  Heater  and  Filter,  1881,  549. 
Lead  Processes,  1881,  536. 

Pattinson,  J.,  elected  Member,  1881,  9. 

Pattison,  G.,  elected  Member,  1883,  309. 

Paul,  A.  L.,  elected  Member,  1884,  2. 

Paxman,  J,  N.,  Iron  and  Steel  for  Boilers,  321,  32G. 

Peache,  J.  C,  elected  Member,  1880,  18G. 

Peacock,  Eichaed,  elected  Member  of  Council,  ISSl,  30.— Vice-President,  1884, 21 . 
Forging  of  Crank  Shafts,  1879,  477. 
Locomotive,  Brown's  Tramway,  1880,  74. 

Peakek,  G.,  elected  ^Member,  1874,  27.— Memoir,  1884,  474. 

Pearce,  G.  C,  elected  Member,  1879,  38. 

Pearson,  F.  H.,  elected  Member,  1884,  199. 

Peck,  W.,  elected  Graduate,  1883,  594. 

Peel,  G.,  Jun.,  decease,  1876,  3.— Memoir,  24. 

Peltzek  et  Fils,  Cloth,  Satin,  Worsted,  and  Woollen  Manufactory,  visited  at 
Summer  meeting,  Belgium,  1883,  516.— Note  on  Works,  550. 

Peltzer,  E.,  Jun.,  Notes  on  the  Manufactures  of  Verviers,  1883,  546. 

Penarth    Dock    and    Tidal    Harbour,    description,    1874,   162.— Visited    at 
Summer  meeting,  Cardiff,  1884,  357,  307-369. 

Pendeed,  v..  Thrashing  Macliines,  1881,  400. 

Penn,  G.  AV.,  elected  Member,  1884,  199. 
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Pesx,  J.,  Sex.,  Notice  of  decease,  and  resolution  of  meeting,  1878, 557.— Decease^ 

1879,  22.— Memoir,  13. 
Pexn,  J.,  JuN.,  elected  Member  of  Council,  1877,  25.— 1870,  36.-1882,  32. 
Penbice's   Rock-Dbilling  Machese,  prevention  of  breaking  edge  &c.  of  tooV 

1874,  95. 

Peppek,  J.  E.,  elected  Associate,  1874,  25G. 
Peecy,  C.  M.,  elected  Member,  1874,  101. 

Perkins,  L.,  Boiler  and  Engine,  High-Pressure,  Paper  on  Steam  Boilers  and 
Engines  for  High  Pressures,  1877,  117.— Remarks,  121,  150,  152. 

Ventilator,  Roots'  Mine,  1877,  110. 
Perkixs,  S.,  elected  Member,  1879,  583. 
Pebrett,  E.,  Bath,  Floating  Swimming,  Taper  on  the  Floating  Swimming  Bath 

at  Charing  Cross,  with  the  means  adopted  for  the  filtration  of  the  -water, 

1875,  134.— Remarks,  148,  155,  160. 

Permaxent  AVay  for  tramways,  1880,  188.    See  Tramways,  Permanent  Way. 

Perry,  A.,  elected  3Iember,  1882,  476. 

Perry,  J.,  Electric  Lighting,  1880,  282. 

Petherick,  v.,  elected  ^Member,  1882,  255. 

Petroleum  Fcel  in  Locojiotives,  Paper  on  the  use  of  Petroleum  Refuse  as  Fuel 
in  Locomotive  Engines,  by  T.  Urquhart,  1884,  272.— Former  experiments 
with  petroleum  fuel,  272.— Localities  of  petroleum,  272.— Comparison  of 
Pennsylvanian  and  Russian  crude  petroleum  oil,  273. — Evaporative  values 
of  petroleum  refuse  and  anthracite,  273.— Spray  injector,  275.— Brickwork 
in  combustion  chamber,  276.— Warming  of  air,  276.— Spray-injector  with 
cold  air  for  tyre-heating  furnace,  276.— Locomotives  for  burning  petroleum, 
276.— Petroleum  tank  on  tender,  277.— Warming  coil,  277.— Separation  of 
water,  278.— Fouling  of  nozzle,  278.— Driving  of  locomotives  :  lightings 
up,  279  ;  running,  279.— Leakage  round  fire-door  ring,  281.— Storage  of 
petroleum:  main  reservoirs,  and  method  of  charging,  281;  distributing 
tanks,  282.— Petroleum  firing  for  stationary  boilers,  283.— Gauging  of 
petroleum,  283.— Description  of  railway,  284.— Dimensions  of  engine  and 
tender,  285. — Results  of  comparative  trials  of  fuel  consumption,  285. — 
Petroleum  as  a  preventive  of  incrustation  and  of  priming,  288.- Newest 
construction  of  combustion  chamber,  288.— Comparison  of  eight-wheeled 
and  six-wheeled  locomotives,  288.— Safety  of  petroleum  firing,  289.— 
Collateral  advantages  of  petroleum  firing,  289.— Use  of  petroleum  fuel 
on  underground  lines,  289.- Tables  respecting  petroleum  refuse,  and  details 
of  trials,  290-298. 

Discw-ssion.- Tomlinson,  J.,  Discrepancies  in  evaporative  values,  299; 
form  of  locomotive  boiler  for  petroleum  firing,  299;  cleansing  of 
spray  nozzle,  299;  objection  to  petroleum  fuel  on  Underground 
Railway,  300.— Boyd,  W.,  Petroleum  fuel  in  steamers  on  Caspian,  300  • 
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length  of  boiler  tubes,  301 ;  cost  of  petroleum,  301 ;  consumiition,  301  ; 
difference  between  summer  and  winter  consumption,  302  ;  rapid  raising  of 
steam  with  petroleum  firing,  302. — 'Eennie,  G.  B.,  Petroleum  firing  in  vessels 
navigating  Tigris  and  Euphrates,  302. — Tartt,  W.,  Particulars  of  petroleum 
firing  in  vessels  on  Euphrates  and  Tigris,  304 ;  details  of  trials,  305. — 
Crampton,  T.  K.,  Success  of  petroleum  fuel  depends  upon  relative  cost 
and  heating  value,  306 ;  mixture  of  air,  307 ;  loss  of  duty  by  heat  going 
wp  chimney,  307. — Marshall,  F.  C,  Necessity  for  longer  boilers,  308; 
importance  of  air  supply,  308  ;  cu'culation  of  water  while  raising  steam, 
309  ;  petroleum  firing  in  return  voyages  from  Black  Sea,  309  ;  temperature 
of  smoke-box,  309  ;  extreme  limit  of  theoretical  perfection,  310. — 
Bainbridge,  E.,  Petroleum  of  no  use  for  underground  haulage,  310 ;  rope 
haulage  preferable  to  locomotives,  310 ;  relative  cost  of  petroleum  and 
coal  for  underground  haulage,  311. — Head,  J.,  Brickwork  absolutely 
essential  inside  i^etroleum  furnace,  as  reservoir  or  fly-wheel  for  heat,  311  ; 
both  petroleum  and  air  should  be  heated  beforehand,  311 ;  mode  of 
introduction  of  air,  312  ;  smoke  is  a  sign  of  insufficiency  of  air  supply,  312, 
• — Xursey,  P.  F.,  Experience  of  petroleum  fuel  on  steamer  in  England,  312  ; 
prohibitive  price,  313 ;  prevention  of  incrustation  and  priming,  313. — 
Bedson,  J.  P.,  Firing  with  charcoal  dust  saturated  with  petroleum,  314. — 
Tomkins,  "W.  S.,  Author's  locomotives  arranged  as  experimental  make-shift, 
314;  difference  of  fuel  consumption  in  winter  and  summer,  315. — 
Cardew,  C.  E.,  American  kerosene  and  Eangoon  mineral  oil  for  preventing 
incrustation,  315;  precautions  against  excessive  use  of  petroleum,  315. — 
Halpin,  D.,  Efficiency  of  jJetroleum  as  anti-incrustator,  316. — Bell,  I.  L., 
Proper  criterion  is  evaporative  duty,  317  ;  two  causes  of  loss  of  heat,  317  ; 
objection  to  too  low  temperature  of  escaping  gases,  318;  brickwork  in  furnace 
is  not  a  regenerator,  but  a  receptacle  of  heat  for  equalising  temperature,  319 ; 
effect  of  steam  jet  on  evaporative  efficiency  of  petroleum,  319. — Urquhart,  T., 
Coal  in  south-eastern  Russia,  320  ;  difference  in  evaporative  value  of  fuel  at 
diflerent  pressures  of  evaporation,  321 ;  furnace  chilled  by  fresh  coal,  321 ; 
temporary  adaptation  of  locomotives  for  liquid  fuel,  321 ;  safety  of  petroleum 
residue,  322 ;  regulation  of  fire  by  sight-hole,  323 ;  simple  make  of  spray 
injector,  323  ;  importance  of  projier  arrangement  of  brickwork  in  combustion 
chamber,  323  ;  cost  of  transport  and  trans-shipment  of  petroleum,  323 ; 
fuel  consumption  in  summer  and  in  winter,  324 ;  Belpaire's  arrangement 
of  roof  stay-bolts,  324;  early  experiments  with  shale  oil,  324;  vibration 
occurring  where  no  brickwork  is  used,  325;  fouling  of  spray  orifices  by 
carbonisation  of  j^etroleum,  325;  brickwork  essential  in  furnace,  325; 
-higher  efficiency  of  crude  petroleum,  326 ;  higher  evaporative  efficiency 
by  heating  both  fuel  and  air,  327 ;    lengthening  of  boiler   tubes,  327 ; 
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introduction  of  air  by  spray  injector,  327 ;  air-passages  in  furnace- 
brickwork,  328 ;  compressed  air  best  for  underground  engines  in  mines, 
328 ;  warming  coil  in  petroleum  tank  on  tender,  329  ;  petroleum  effective 
and  cheap  as  preventive  of  incrustation,  329  ;  difBculty  of  admitting  exact 
supi^ly  of  air,  329  ;  regenerative  action  of  brickwork  in  furnace,  330  ;  heat 
escaping  up  chimney,  330. 

Philipson,  J.,  elected  Member,  1881,  409. 

Philipsox,  W.,  elected  Graduate,  1884,  409. 

Phillips,  J.,  elected  Member,  1878,  107. 
Locomotives,  Compound,  1879,  354. 

Phillips,  K.  E.,  elected  Graduate,  1879,  584. 

Phillips,  E.  M.,  elected  Associate,  1884,  409. 

Phipps,  C.  E.,  elected  Member,  1882,  255. 

Phosphok-Broxze  for  slide  valves,  1874,  53,  119,  199. 

Photometers  for  measurement  of  electric  liglit.     See  Electric  Lighting. 

Physical  Condition  of  Ikox  axd  Steel,  1884,  36.     See  Iron  and  Steel. 

PiEucY,  H.  J.  T.,  elected  Member,  1876,  347. 

Pigot,  T.  F.,  elected  Member,  1877,  72. 

Pigott,  a.  W.,  elected  Graduate,  1883,  34. 

Pillow,  E.,  elected  Member,  1883,  309. 

Pixel,  C.  L.,  elected  Member,  1876,  57. 

Pipes,  Non-conducting  covering  for,  1874,  270,  276,  277. 

PiRRiE,  J.  S.,  elected  Member,  1882,  16. 

Pistox-Kod,  Back,  worse  than  useless,  1875,  219,  233,  235,  236,  238,  239,  243, 
244,  245. 

Pitt,  E.,  elected  Member,  1879,  583. 

Pitt,  W.,  elected  Member,  1883,  179. 

Pitts,  G.  A.,  elected  Member,  1878,  31.— Decease,  1883,  36.— Memoir,  24. 

PiTWORK  FOE  MiXE  PcMPS,  1874,  267. 

Planing  axd  Turning,  principles  of,  1878,  321. 

Plate  Eollix"g  Machinery,  Paper  on  improvements  in  Machinery  for  Eolling 
iron  and  steel  Plates,  by  E.  Hutchinson,  1880,  82.— Contrast  between 
methods  of  rolling  plates  and  bars,  82.  — "Universal"  or  Belgian  mill  for 
jilates,  84.— Modification  for  wider  plates,  86.— SUding-roll  mill,  87. — 
Application  to  forge  rolling,  87 ;  to  blooming,  88 ;  to  roughing- down,  88  ; 
to  finishing  rolls,  89.— Comparison  of  sliding-roU  mill  with  Belgian  mill, 
i?9.— Eolling  of  steel  plates,  90. 

Discussion. — Head,  Jeremiah,  Eolling  of  Belgian  "  broad  flats,"  91 ; 
tendency  to  "reediness"  from  mode  of  piling,  92  ;  slidiiig-roll  mill 
valuable  for  puddled  bars  and  blooming,  92  ;  doubtful  for  wide  plates,  from 
tendency  to  reediness,  93 ;   mill  for  plates  of  all  widths  would  be  very 
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cumbrous,  93  ;  effect  of  roUixig  on  tenacity  of  iron,  and  on  its  elasticity  in 
bending,   93  ;    sliding-roll  mill   more  applicable   for  wide  steel  plates 

than   for  iron,   94. — "SVebb,  F.  W.,  In  rolling  steel  plates  from  ingots, 
honeycombed   structure  must  be  got  rid   of,   94 ;   difficulties  connected 

with  sliding-roll  mill,  95. — Adamson,  D.,  System  doubtful  for  iron,  from 

presence  of  cinder,  96 ;  no  objection  with  steel  plates,  96 ;  steel  equally 

strong  longitudinally  and  transversely,  97  ;  drifting  of  holes  close  to  edge 

in  iron  and  steel  plates,  97 ;  want  of  evidence  as  to  lateral  strength  in 

iron  flats,  98. — Cowper,  E.  A.,  Effect  of  wear  on  sliding-roll  mill,  98  ; 

means  of  producing  fibrous  structure  in  iron,  98  ;  tendency  of  wide  plates 

to  form  ragged  edges,  99. 
Plates,  Armour,  1879,  52.     See  Armour. 

Platt  Brothers  and  Co.'s  Works,  Oldham,  description  of,  1875,  308, 
Platt,  E.,  elected  Member,  1875,  35. 
Platt,  J.,  Boiler,  Lancashire,  1876,  118. 

Bridge,  Erection  of,  over  river  Dal,  1876,  54. 

Drilling  Machines  for  Boiler  Work,  1878,  588. 

Dynamometer,  Marine-Engine,  1877,  268. 

Engine  Eecorder,  1884,  160. 

Expansion  Gear,  Correy,  1878,  524. 

Hydraulic  Machinery,  Toulon,  1878,  386,  387. 

Hydraulic  Machinery,  Workshop,  1874,  188. 

Injector,  Automatic,  1884, 181. 

Iron  and  Steel  for  Boilers,  1879,  317,  319. 

Presses,  Hydraulic  Packing,  1877,  367. 

Kules,  1876,  29. 

Valve,  Circular  Slide-,  1877,  204. 
Platt,  J.  E.,  elected  Member.  1883,  179. 
Platt,  S.  P.,  Filter,  Farquhar,  1881,  159. 
Platts,  J.  J.,  elected  Member,  1878,  31. 

Steel  Boiler  Experiments,  1878,  263,  265. 
PLOrGHS  for  horse-power :   Hornsby's,   1880,   548 ;    Howards,   548 ;    Kansomes 

Sims  and  Head's,  548.     See  Cultivation  by  Horses. 
Plx:m,T.  W.,  decease,  1879,  22.— Memoir,  15. 

Rules,  1877,  34. 
Pneumatic  JNIarixe  Governor,  1879,  406.    See  Governor,  Marine. 
Poillon,  L.  M.  J.,  elected  Member,  1884,  2. 

Pump,  Greindl  Eotar}',  Taper  on  the  Greindl  Eotary  Piunp,  1878,  440. — 
Eemarks,  465. 
Poiree's  Experiments  on  friction  with  skidded  wheels,  1879,  209. 
Pole,  W.,  Gauge,  Eailway,  Paper,  Notes  ou  the  early  history  of  Eailway  Gauge, 

1875.  66.— Eemarks.  76,  b7. 
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Pollock,  J.  F.  M.,  elected  Member,  1876,  57. 

PoxTYPRiDD  Bridge,  early  single-arch  bridge,  140  ft.  span,  1874,  234. — 1884, 
357. 

PoxTZEX,  E.,  Brakes,  Effect  of,  upon  railway  trains,  1878,  484. 

PooLET,  H.,  JcN.,  elected  Member,  1876,  347. 

Portable  Railways,  Paper  on  Portable  Eailways,  by  P.  Decauville,  1884, 126. — 
Early  narrow-gauge  railways,  126. — Festiniog  line,  126. — Portable  railway 
entirely  of  metal,  126. — AdaptabOity  to  various  purposes,  127. — Steel 
rails  and  sleepers  riveted  together,  127. — Dished  steel  sleepers  not 
projecting  beyond  rails,  128. — Dished  bowl  sleepers  for  soft  ground,  128. 
— Jointing  of  rails,  128. — Curves,  128. — Weight  and  gauge  of  rails,  129. — 
Description  of  contractors'  plant,  129. — Tipping  wagons,  129. — Couplings, 
130.— Cost  of  haulage,  130.— Plant  for  horse  haulage,  130.— Special  plant 
for  heading  of  submarine  tunnel,  131. — Military  railway  in  Turkestan, 
131 ;  in  Tunis,  132. — Passenger,  ambulance,  and  goods  wagons,  132. — 
Transport  of  cannon,  132. — Permanent  narrow-gauge  line  from  Sousse  to 
Kairouan,  133. — Cheap  railways  cannot  be  constructed  on  normal-gauge 
system,  133. — Xarrow-gauge  railway  and  plant  for  Buenos  Ayres,  1.33. — 
Transport  of  sugar  cane,  134. — Transport  of  boats  on  exploring  expeditions, 
135. — Accessories,  137. — Off-railer,  137. — Switches  and  crossings,  137. — 
Turntables,  137. — Dead  plates,  138. — Facilities  for  repairs,  138. 

Discussion. — Kerr,  J.,  Detached  sleepers  can  be  used  without  impairing 
accuracy  of  gauge,  139 ;  sleepers  would  be  better  if  made  trough-shape, 
and  projecting  beyond  rails,  140;  shoe-plate  with  clip-jaw  makes  better 
joint  than  light  fish-plates  with  single  bolt,  140  ;  fish-joint  with  four  bolts 
is  best  for  permanent  work,  141 ;  light  railway  for  India  with  trough- 
formed  sleepers,  141. — Hartley,  J.  W.,  Importance  of  details  in  portable 
railways,  141 ;  rail  fastening,  141 ;  buffers  and  axle-boxes,  142 ;  points 
and  crossings,  142  ;  off-railer,  143 ;  turntables,  143. — Carbutt,  E.  H.. 
Narrow-gauge  line  and  locomotives  in  Crewe  works,  143 ;  importance  of 
transport  in  war,  144 ;  portable  railway  with  long  gantries  for  unloading 
ships,  144. — Eamsbottom,  J.,  Eailway  of  18-inch  gauge  at  Crewe,  145. — 
Cochrane,  C,  Bowl  sleepers  for  soft  ground,  145;  high  speed  is  not  the 
object  of  portable  lines,  146. — Flateau,  C  L.,  Thickness  of  metal  in 
sleepers  is  proportioned  to  strength  required,  146  ;  trial  of  projecting  and 
non-projecting  sleepers,  147 ;  objection  to  shoe-plate  with  clip,  147 ; 
crossing  and  switch,  147;  buffers,  148;  turntables,  148. — Spon,  E., 
Importance  of  accurate  gauge,  149;  sponge  axle-box,  149. — Kerr,  J., 
Construction  of  shoe-plates,  149. 

PoRTiSHEAD  DocKS,  visit  to,  1877,  297. 

Portland  Cejiext.     See  Cement,  Portland,  1875,  46. 

Powell,  H.  C,  elected  Member,  1878,  293. 
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Powell,  T.,  elected  Member,  1874,  101.  .'\'=- 

Electric  Lighting,  1878,  543.  '  -^ 

ExpansioD,  Variable  Automatic,  1877,  286. 

Expansion  Gear,   Correy,  Paper  on  vertical  compound  engines  fitted  ■with 
Correy's  variable  Expansion  Gear,  1878,  504. — Eemarks,  525. 

Powell,  W.,  decease,  1883,  86.— Memoir,  25. 

PowKR  Hammers  with  a  Movable  Fulcrum,  1882,  204.     See  Hammers. 

Power  Eiteter,  MacCoU's,  1879,  271.     See  Iron  and  Ste6l  for  Boilers. 

Power  Transmission,  Faper  on  the  various  modes  of  Transmitting  Power  to  a 
distance,  by  A.  Achard,  1881,  57. — Transmission  by  Wire  Ropes,  58. — 
Principles  of  transmission  by  ropes,  58. — Leather  and  india-rubber  belts, 
60. — Iron  wire  ropes,  61. — Size  &c.  of  pulleys,  62. — Strength  &c.  of  ropes, 
62. — Working  tension  of  ropes,  64.— Efficiency  of  rope  transmission,  65. — 
Transmission  by  Comi-ressed  Air,  66. — Principles  of  air-compressors,  67. 
— Seraing  water-piston  compressor,  67. — Cooling  of  compressed  air  by 
water,  68. — Efiiciency  of  compressors,  68. — Loss  by  friction  in  pipes,  69. — 
Stockalper's  experiments  in  St.  Gothard  tunnel,  71. — Motors  supjilied  by 
compressed  air,  73. — MeTiarski's  compressed-air  tramway  engine,  79. — 
Efficiency  of  air  transmission,  75. — Transmission  by  Pressure-Water, 
76. — Applications  of  water  pressure,  76.— Loss  by  friction  in  pipes,  77. — 
Schmid's  piston  water-engine  and  Girard's  turbine,  79. — EflSciency  of 
water-engines,  80. — Transmission  by  Electricity,  80. — Generators  of 
electricity,  81. — Hagenbach's  experiments  on  efficiency  of  ditto,  82. — 
Motors  driven  by  electric  current,  83. — Efficiency  of  electric  transmission, 
84.  —  Estimation  of  efficiency  in  different  methods  of  transmitting 
power,  85. 

Discussion. — Shoolbred,  J.  N.,  Conversion  of  Hagenbach's  experiments 
into  English  terms,  87 ;  electric  transmission  of  power,  89  ;  application  to 
lighting,  90  ;  to  electric  railway,  90 ;  to  ploughing,  91. — Siemens,  A., 
Advantages  of  electric  transmission  of  jDower,  91 ;  other  applications  by 
Dr.  Siemens,  92  ;  determination  of  efficiencies,  92. — Fernie,  J.,  Application 
of  water-power  at  Geneva,  &c.,  93 ;  use"  of  steel  for  wire  ropes,  94. — 
Schonheyder,  W^.,  Adhesion  of  wide  leather  belts,  94 ;  short  duration  of 
wire  ropes,  95  ;  water-piston  air-compressors,  95 ;  loss  by  friction  in  pipes, 
95 ;  transmission  of  power  by  steam,  96. — Mair,  J.  G.,  No  vacuum  between 
Ijelt  and  pulley,  97 ;  loss  from  waste  spaces  in  water-pressure  machines,  98. 
— Rich,  W.  E.,  Advantage  of  low  pressures  in  compressed-air  transmission, 
98  ;  inconvenience  of  ice  in  ports  of  compressed-air  engines,  98  ;  difficulty 
in  working  slide-valves  in  water-engines,  98. — Paget,  A.,  Vacuum  under 
belt  at  gi-eat  speed  a  mistake,  99. — Ellington,  E.  B.,  Distribution  of 
hydraulic  power  in  Hull,  99. — Cowper,  E.  A.,  Transmission  by  flat-rods 
in  Cornwall  and  Devon,  99 ;  steel  preferable  to  iron  for  wire  ropes,  100. — 
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Achard,  A.,  Commercial  failure  of  rope  transmissions  at  Bellegarde  and 
Fribourg,  100 ;  results  at  Schaffhausen  and  Zurich,  100  ;  transmission  by 
water-pressure  at  Geneva,  101  ;  use  of  wide  driving  belts,  102  ;  advantage 
of  low-pressure  for  compressed-air  transmission,  102 ;  importance  of 
efficiency,  102  ;  loss  from  waste  spaces  in  water-engines,  102  ;  loss  of  power 
in  water-piston  air-compressors,  103 ;  steel  ropes  now  coming  into  use. 
103;  advantages  over  iron  ropes,  104. 

Power  Tkaxsmission  by  Eopes,  Paper  on  the  Transmission  of  Water  Power  by 
Turbines  and  Wire  Ropes,  by  H.  M.  Morrison,  1874,  56. — Sites  for  water 
power  not  utilised,  5G. — Telodynamic  transmission  of  power  by  quick- 
running  light  wire  rope,  56. — Hirn's  plan  applied  first  at  Haussmann's 
factories  at  Loyelbach,  57. — Deflection  of  ropes  transmitting  power,  59. — 
Largest  example  at  tlie  Wasserwerk-Gesellschaft  in  Schafl'hausen,  QO. — 
TiU'bine  house,  61. — Turbines,  construction,  62. — Transmission  of  power 
across  the  river  Ehine  by  wire  ropes,  63. — Eope  pulleys  and  machinery,  64. 
Discussion. — Siemens,  C.  W.,  Power  transmission  by  ropes  at  high  speed 
effected  with  very  little  loss,  lately  applied  at  Bellegarde  on  the  Phone 
for  transmission  of  power  for  more  than  a  mile,  65  ;  soft  material  required 
for  bearing  surface  of  rope  on  pulleys,  65. — Thomas,  J.  L.,  Eopes  employed 
in  Aviero  lead  mining  district,  Portugal,  conveying  water  power  for  nearly 
a  mile  over  a  considerable  bill,  65;  grooves  of  rope  pulleys  lined  with 
leather  jjlaced  edgeways,  66;  turbine  driving  xope  can  be  stopped  by 
electrical  communication  from  mine,  66  ;  speed  of  rope  30  miles  an  houi', 
transmitting  about  100  liorse  power,  67. — Anderson,  W.,  Wire  ropes 
driving  cranes  found  to  last  two  years,  67  ;  failures  from  stranding  of  ropes 
caused  by  defective  workmanship,  67. — Paget,  A.,  Adhesion  of  rope  in 
grooves  of  pulleys,  67. — Robinson,  J.,  Friction  on  sides  of  grooves 
detrimental  to  roj^e,  68. — Tweddell,  R.  H.,  Estimated  loss  of  power  in 
transmission,  68. — Browne,  W.  E.,  Pump  in  cofferdam  in  Avon  at  Bristol 
worked  by  rope  from  shore,  68. — Welch,  E.  J.  C,  Failure  of  strands  of 
wire  ropes  caused  by  ends  of  wu-e  being  merely  joined  by  twisting  instead 
of  brazing  in  manufacture  of  rope,  70 ;  power  more  economically- 
transmitted  by  turbines  forcing  water  through  small  pipes  under 
accumulator  pressure,  avoiding  Avear  and  friction  of  ropes  and  pulleys,  70. 
— Walker,  C.  C,  Importance  of  utilising  waste  forces  of  water,  70. — Gray, 
J.  McFarlane,  Cost  of  transmission  of  power,  71. — Westmacott,  P.  G.  B., 
Water  power  transmitted  to  a  distance  by  Sir  Wm.  Armstrong  at 
Allenheads  lead  mines,  Northumberland,  by  force  pumps  worked  by 
waterwheels  for  charging  accumulator,  71 ;  advantage  in  avoiding  the 
wear  of  ropes,  71. — Bramwell,  F.  J.,  Schaffhausen  water-power  machinery 
in  1869,  extent  of  works,  mode  of  carrying  ropes,  72. — Smith,  W.,  Power 
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transmission  by  endless  wire  ropes  driven  by  engine  tried  for  towing  boats 
on  Kegent's  Canal,  London,  ia  1840,  but  not  found  economical,  72 ;  fly- 
rope  of  old  rope-making  machinery  communicated  motion  to  spindles,  73. 
— MoiTison,  H.  M.,  Means  of  utilising  waste  water  power  in  mountainous 
districts,  73 ;  ropes  at  Schaffhausen  made  very  compact  with  large  number 
of  tine  wires,  American  examples  still  finer  and  closer,  73 ;  willow  wood 
succeeds  best  for  lining  grooves  of  rope  pulleys,  74. — Coode,  Sir  J.,  Wire  ropes 
employed  for  hauling  at  Portland  breakwater,  and  protected  from  sea-water 
corrosion  by  coating  of  tar  and  linseed  oil,  74 ;  advantage  of  coating  formed 
on  the  drums,  74. — Morrison,  H.  M.,  New  wire  ropes  at  Schaft'hausen  soaked 
in  steam-jacketed  cisterns  of  wood  tar,  and  afterwards  tarred  three  times 
IDer  week,  74. — Hawksley,  T.,  Friction  of  water  through  pipes  increases  as 
square  of  velocity,  but  friction  of  ropes  as  simple  velocity,  consequently 
resistances  will  be  equal  at  a  certain  speed,  75. — Siemens,  C.  W., 
Transmission  of  power  by  rope  involves  only  one  prime  mover,  but 
transmission  by  liydraulic  accumulator  involves  two  prime  movers  and  two 
losses  of  useful  efi"ect,  75. — Bramwell,  F.  J.,  Desirability  of  utilising  water 
power,  even  at  same  cost  as  coal,  75 ;  coal  should  be  reserved  for  supplyino- 
heat  in  metalliferous  operations  &c.,  76;  other  modes  of  transmitting 
power,  76 ;  Hague's  proposal  for  transmitting  water  power  from  hilly 
districts  by  exhaustion  of  air,  76. 

Tower  Teansmissiox  by  Kopes.    See  also  Hope  Gearing,  1876,  372. 

Peeece,  W.  H.,  Electric  Lighting,  1879,  200.— 1880,  280. 
Steel,  Tempered,  Molecular  Rigidity  of,  18S3,  88. 

PREMirjis  FOR  Papers,  1878,  43,  114,  564. — Olrick,  L.,  Premiums  which  had 
been  proposed  but  not  given  were  too  high,  1878,  43. — Eobinson,  J., 
Question  would  be  considered,  44. — Eesolution  of  Council,  564, 

Tkesidexts,  election,  1874,  26.— 1875,  34.-1876,  26.— 1877,  25.-1878,  28,  32.— 
—1879,  30.-1880,  24.-1881,  30.— 1882,  32.— 1883,  53.-1884,  21.— 
Address,  1874,  103.-1877,  167.— 1878,  295.-1879,  399.— 1880,  28,  312.— 
1881,  413.-1882,  259.-1883,  317.  — 1884,  202.  See  Addresses  of 
Presidents. 

Pressee,  E.  C.  a.,  elected  Member,  1882,  IG. 

Presses,  Hydrai'lic  Packing,  Faper  on  an  improved  construction  of  Hydraulic 
Presses  for  packing  cotton,  jute,  &c.,  with  improved  engines  and  pumps,  by 
E.  "Wilson,  1877,  349. — Advantage  of  working  presses  and  other  hydraulic 
machiuery  at  high  speed,  349. — Successful  working  of  quick-speed  two- 
cylinder  hydraulic  press  in  India,  350. — Dtscripticn  of  three-cylinder 
press,  350. — Steel  cylinders  in  place  of  iron,  351. — Auxiliary  finishing 
press,  352. — Compound  press  for  finishing  bale  without  removal  from 
press,  352. — Horizontal  press  to  avoid  expense  of  two-storied  buildings, 
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Presses,  Hydraulic  Packing  (continued). 

353.  —  "  Cross-packing  "  of  cotton,  an  objection  to  be  avoided,  353. — 
Number  of  direct-acting  pum^js  nsed,  and  mode  of  working,  354. — 
Advantage  of  direct-acting  engines  for  packing  presses,  &c.,  354. 

Discussion. — Wilson,    K.,     Horizontal    press     more    convenient    than 
vertical,  354. — Sliield,  H.,  Diagram  showing  increase  of  pressure  during 
stroke  of  press,  355 ;  description  of  Watsoa  compound  press  for  cotton, 
355  ;  no  pressure  yet  applied  has  injured  the  fibre  of  cotton  for  spinning, 
357;  best  pumping  arrangement  is  a  large  number  of  small  pumps  easily 
thrown  in  or  out  of  action,  357  ;  direct-acting  pumps  more  exi^ensive  iu 
working,  358;  speed  of  packing  bales,  359;  press  must  not  cross-paclc 
either  cotton  or  jute,  3G0.  —  Walker,  B.,  Use  of  accumulator  in  seed 
pressing,  3G1. — Wilson,  K.,  Accumulator  necessary  where  only  one  press 
is  used,  362. — James,  C,  Small  accumulator  found  to  act  well  for  pressing 
oil,  362 ;  hemp  or  flax  packing  simpler  than  cup-leathers,  363. — Wilson, 
E.,  Cup-leathers  often  made  too  broad,  363 ;  cup-leathers  best  for  high 
pressures,  363 ;  advantages  of  direct-acting  engines  and  pumps,  364. — 
Cowper,  E.  A.,  Compound  press  best  for  packing  cotton,  364. — Tweddell, 
R.  H.,  Single  direct-acting  pump  preferable  for  working  the  press,  365  ; 
hemp  packing  best  for  heavy  pressures  and  continuous  working,  366. — 
Davey,  H.,  Best  construction  of  cup-leathers,  366 ;  brass  saddle  turned 
exactly  to  fit  inside  of  leather,  367. — Piatt,  J.,  Difficulty  from  thin  edge  of 
back  supporting-ring  of  cup-leatlier  springing  against  ram,  367. — Davey, 
H.,  Eing  must  not  be  tapered  to  a  perfect  feather  edge,  367. — Welch, 
E.  J.  C,  Packing  rings  of  different  materials,  367 ;  best  proportions  for 
leather  packing  rings,  and  method  of  moulding,  369  ;  hemp  packing  now 
adopted  instead,  and  found  perfectly  tight,  369. — Bellhouse,  E.  T.,  Steel 
cylinders  now  made  very  successful  for  hydraulic  presses,  369 ;  improved 
form  of  presses  for  India,  370 ;  best  plan  of  leather  packing  rings,  371. — 
Chapman,  J.  G.,  Great  increase  in  cost  of  working  hydraulic  presses  with 
quick  speed  of  pumps,  371  ;  cranked  shafts  best  for  driving  pumps,  372. — 
Lewis,  G.,  Description  of  Ashcroft  packing  press,  worked  by  combined 
steam  and  hydraulic  power,  372;  j^acking  leathers  generally  made  too 
deep,  374.  —  Wilson,  E.,  Comparison  of  direct-acting  pumps  and  those 
worked  by  eccentrics,  374;  packing  leather  cannot  be  too  narrow,  so  long 
as  it  is  watertight,  375 ;  rams  covered  with  gun-metal  and  highly  polished 
reduce  wear  of  packing  leathers,  376. 

Presses,  Hydraulic.     See  Pressure-Intensifying  Apparatus.     See  also  Hydraulic 
Machinery,  Toulon. 

Pressure  Gauges,  1880,  455-476.     See  Gauge. 

Pressure-Intensifying  Apparatus,  Paper  on  the  Application  of  direct-acfng 
Pressure-Intensifying  Apparatus  to  Hydraulic  Presses,  by  E.  H.  Tweddell, 
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Peessuee-Intexsifting  Appaeatus  (continued). 

1878, 45. — Saving  by  introducing  best  sj'stem  of  press,  45. — Defects  in  usual 
mode  of  forcing  water  into  cotton  and  other  presses,  46. — Description  of 
direct-acting  apparatus,  47.— Mode  of  working,  48. — Dimensions  of  a 
cotton-bale  pressing  plant  constructed  on  direct-acting  principle,  50. — 
Power  and  speed  of  press,  51. — Eeasons  for  advocating  extension  of  direct- 
acting  principle,  52. — Kelative  economy  of  Watson  and  Wilson  press,  52. — 
Difference  in  cost  of  fuel  is  not  due  to  difference  in  pumps,  53. — Nor  to 
different  velocity  of  water  through  pumps,  54. 

Discussion. — Robinson,  J.,  Cost  of  pressing  is  remarkably  low,  55. — 
Shield,  H.,  The  dirt  ct  acting  press  is  a  re-pressing  apparatus,  showing 
American  practice,  50 ;  English  practice  for  India  is  different,  5G  ;  number 
of  bales  in  the  two  processes  cannot  be  compared,  57 ;  number  of  beats 
of  valves  is  not  of  much  consequence,  59  ;  direct-action  press  is  not 
economical,  59. — Ellington,  E.  B.,  Description  of  West's  press,  59. — 
Eobinson,  J.,  Cotton  is  damaged  only  by  being  squeezed  in  two  directions, 
60. — Cowper,  E.  A.,  Nature  and  evil  of  cross-packing,  60 ;  danger  from 
heat  in  rapid  pressing,  61. — Shield,  H.,  Impossible  to  injure  cotton  by 
heavy  pressure,  G2. — Hawksley,  T.,  Not  desirable  to  jmt  too  great  pressure 
on  cotton  in  pressing,  63. — Carbutt,  E.  H.,  Direct-acting  steam  and 
hydraulic  press  for  punching  plates  for  gasometer  making,  63. — 
Hetheriugton,  T.  Pi.,  Alleged  injury  to  cotton  is  not  a  matter  of  moment, 
63. — Tweddell,  It.  H.,  Paper  was  meant  to  elicit  discussion  as  to  question 
of  pumps,  G4  ;  direct-acting  process  would  be  economical,  65 ;  loss  with 
reciprocating  pumjis  must  be  heavy,  65 ;  source  of  economy  in  direct- 
acting  system,  65. 

Peesstke  Eegllators,  1879,  423,  434.     See  Water  Pressiu-e. 

PBESsrEE,  Wateb,  application  of,  for  driving  machinery  and  working  shop  tools, 
1874,  166.     See  Hydraulic  Machinery,  Workshojj. 

Peest,  S.  F.,  elected  Member,  1884,  409. 

Peeston,  F.,  Condenser,  McCarter,  Paper  on  the  McCarter  Condenser  without 
air-pump  for  steam  engines,  1876,  299. — Discussion,  308, 310,  315,  316. 
Rope  Gearing,  1876,  397,  398. 
Steel,  Fluid-Compressed,  and  Guns,  1875,  302. 

Pbice,  H.  S.,  elected  Member,  1877,  165. 

Fbice,  J.,  Secretary,  appointment,  1884,  77. 

Ships,  Paper  on  Iron  and  Steel  as  constructive  materials  for  Ships,  1881, 
553. — Remarks,  574. 

Pbice- Williams,  R.,  elected  Member  of  Council,  1880,  24.— 1883,  53. 
Accidents,  iMine,  Mechanical  Appliances  for,  1877,  330. 
Armour,  Construction  of,  1879,  75. 
Axlebox,  Radial,  1877,  309. 
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Price-Williams,  E.  (continued). 

Brakes,  Automatic  Action,  1880, 133. 

Brakes,  Effect  of,  upon  railway  trains,  1879,  208. 

Cold  Air,  Machines  for  producing,  1881,  129. 

Council,  Annual  Eeport,  1884,  21. 

Docks,  Cardiff,  1874,  134. 

Drilling  Machines,  1878,  583. 

Flow  of  Solids,  1878,  331. 

Friction  Experiments,  1883,  658. 

Injector  Hydrants,  1879,  384. 

Kailway  Traffic,  Cost  of,  1878,  195-202,  208,  209,  214. 

Hallway  Working,  Paper  on  the  Economy  of  Eailway  Working,  1879,  90. 

— Eemarks,  135,  146,  151. 
Kules,  1877,  32.— 1878,  34,  39.— 1879,  42,  44. 
Saw,  Direct-Acting  Circular,  1875,  131. 
Secretary,  Vote  to  late,  1878,  111. 
South-Wales  Mineral  Wagons,  1884,  426. 
Stone-Dressing  Machinery,  18S1,  141. 
Testing  Machine,  Single-Lever,  1882,  392 
Tramways,  Mechanical  Traction,  1878,  432. 
Tramways,  Permanent  Way,  1880,  218. 
Water  Meters,  1882,  80. 
TiuxtixCt  Machinery,  Faper  on  Printing  ^Machinery,  by  J.  Jameson,  1881,  511. 
— Platen,   Cylinder,  and   Eotary  machines,  512. — Making  of  stereotj^ie 
plates,  514, — Type  setting,  515. — Stereotyping,  515. — Kapidity  of  -work, 
516. — Printing  machine  for  Newcastle  Daily  Chronicle,  517. — Gathering 
and  folding  apparatus,  520. — Hydraulic  lifts,  &c.,  522. — Advantages  of 
Hoe  printing  machine,  522. 

Discussion.  —  Steavenson,  A.  L.,  How  are  wood-cuts  introduced  in 
newspapers,  523. — Cowper,  E.  A.,  Can  wood-cuts  be  stereotyped,  523. — 
Jameson,  J.,  Wood-cuts  can  be  stereotyped  to  limited  extent,  523. — 
Nursey,  P.  F.,  Illustrated  newsj^apers  usually  not  printed  on  rotary 
machines,  523. — Shaw,  H.  S.  H.,  Changing  of  blanket  on  impression 
roller,  524. — Jameson,  J.,  Blanket  changed  bodily,  524. — Cowper,  E.  A., 
Ink  distribution,  524 ;  width  of  paper  and  springing  of  cylinders,  &c.,  524; 
casting  of  stereotype  plates,  525. — Jameson,  J.,  Absence  of  spring  in 
impression  cylinder,  525. 
PraoR,  J.  A.,  elected  Member,  1875,  36. 
Proceedings,  Purchase  of,  1879,  156. 

Projectiles  against  Armour  Plates,  1879,  52.     See  Armour. 
Propeller,  Efficiency  of,  1879,  588.     See  Screw  Propeller. 
PEOPrLsiox,  Hydraulic,  1874,  290,  292. 
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Peossee,  W.  H.,  elected  3Iem1ier,  1874,  27. 

Protin-g  HorsE,  Lloyd's  Bute  Proving  House,  Cardiff,  1884,  3G4. 

Pkotis,  G.  S.,  elected  Member,  1875,  36. 

PUDDLDsG  FCEXACE,  BicHERorx,  188.",  541. 

Puddling,  Mechaxical,  Paper  ou  ^Mechanical  Puddling,  by  T.  Pi.  Crarapton, 
1876,  244. — Good  puddler  not  only  makes  better  iron  but  -with  less  loss  of 
"weight  than  bad  puddler,  244. — Mechanical  puddling  superior  to  hand 
labour  both  in  yield  and  quality,  245.  —  Different  arrangements  for 
mechanical  puddling,  245. — ^  Walker  and  Warren's,  245. —  Maudslay's,. 
245.— Tooth's,  245,  246.— Banks',  246.— Sellers',  246.— Siemens',  246.— 
Crampton's  dust-fuel  furnace,  246. — Coal  feeder,  247. — Mechanical  rabble 
not  so  useful  as  revolving  drum,  247. — Principle  of  revolving  puddling 
furnace,  248. — 3Iechanical  rabble  only  saves  a  portion  of  manual  labour, 
249.  —  Revolving  system  heated  by  separate  furnace  still  requires 
intelligent  adjustment  of  flame,  249. — Dust-fuel  consumed  in  puddling- 
chamber  is  regulated  automatically,  250. — Piesults  of  working  -with  dust- 
fuel  furnace,  250. — Weight  of  mass  operated  upon  is  of  little  importance, 
250. — Iron  obtained  from  large  homogeneous  mass  is  superior  to  that 
obtained  by  piling,  251. — Quality  improved  by  more  effective  puddling  in 
revolving  chamber,  251. — Best  mode  of  producing  heat  in  furnace,  252. — 
Joint  for  preventing  leakage  of  liquid  metal,  252. — Furnace  re-fettled 
automatically,  253. — Advantages  derived  from  dust-fuel  furnace,  253. — 
Examples  of  superior  results  of  mechanical  puddling  over  hand  puddling, 
254. — Homogeneous  j^lates  and  rails  made  from  inferior  pig,  255. — Case- 
hardened  rails  could  be  produced  by  mechanical  puddling  as  cheap  as 
ordinary  iron  rails,  255. — Homogeneous  material  superior  in  every  respect 
to  that  built  up  of  pieces,  256. — Particulars  of  specimens,  257. 

Discussion. — Crampton,  T.  R.,  Description  of  specimens  exhibited,  259. 
— Webb,  F.  W.,  Iron  manufactured  in  Crampton  furnace  perfectly  clean 
and  good,  260 ;  analysis  of  iron  in  difterent  stages  from  pig  to  finished 
steel  rails,  260 ;  comparative  cost  of  making  rails  by  Siemens-Martin  and 
by  Bessemer  process,  261. — Xewton,  W.  E.,  Paper  very  comj^lete  in  giving 
history  of  invention  of  mechanical  puddling,  261 ;  early  plans  for 
superseding  hand-puddling,  never  canied  into  practical  execution,  261  ; 
Tooth's  apparatus  actually  carried  out  in  practice,  and  worked  well,  but 
would  not  last,  262 ;  subsequent  difficulty  of  getting  sufficiently  good 
fettling,  263 ;  necessity  for  keeping  rotating  cylinder  cool,  first  really 
recognised  in  Crampton  furnace,  263 ;  plan  for  generating  heat  in  that 
furnace,  not  tlie  best,  203  ;  uncombined  carbon  shouLl  not  be  canied  into 
puddling  chamber,  2G4 ;  desirable  to  know  comparative  consumption  of 
fuel  in  dust-fuel  furnace  per  ton  of  iron,  264  ;  Spencer's  rotating  puddling 
furnace,  264 ;    variation  in  size  of  puddled  balls,  265. — Head,  J.,  Dr. 
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Pt'DDLiKG,  Mechaxical  (continued). 

Kollinann's  experiments  on  process  of  puddling  in  ordinary  furnace  at 
Kuuigiliiitte  Iron  Works  in  Silesia,  2GG ;  analyses  of  pig  iron  at  certain 
stages  of  puddling,  2G6 ;  analyses  of  fettling,  showing  that  as  impurities 
decrease  in  iron  they  increase  in  fettling,  267;  puddlers  not  overpaid,  268  ; 
rollers  and  heaters  often  overpaid,  2G9 ;  increased  yield  of  iron  in  some 
cases  due  to  good  fettling  instead  of  to  skill  of  puddler,  269  ;  mechanical 
rabble  better  than  hand-puddling  furnace,  2G9;  result  of  Crampton 
furnace  at  his  own  works,  270;  requisite  heat  could  be  obtained  with 
powdered  fuel,  but  labour  and  expense  of  feeding  the  fuel  perhaps 
underrated,  270  ;  difQculty  not  yet  surmounted  of  making  plates  without 
defects,  271 ;  mechanical  puddling  not  the  invention  of  one  minJ,  272. — 
Carbutt,  E.  H.,  Wrought  iron  becoming  superseded  by  steel,  272  ; 
appliances  for  manipulating  large  balls  of  iron,  not  right  way  of  dealing 
with  them,  273 ;  dust-fuel  furnace  gives  means  of  utilising  inferior 
qualities  of  pig-iron,  273. — Walker,  B.  P.,  Original  invention  of  revolving 
puddling  furnace  was  actually  put  in  operation,  274 ;  results  of  experiments 
Avith  original  furnace,  274. — Cochrane,  C,  Means  required  for  dividing 
large  balls  of  iron  to  suit  existing  rolling  mac'ninery,  275. — Llo}'d,  S.  Z., 
Information  required  as  to  cost  and  quality  of  fettling,  27.5. — Cowper, 
E.  A.,  Production  of  large  homogeneous  masses  more  important  than 
reduction  in  cost  of  puddling,  275 ;  mechanical  puddling  of  special 
importance  for  Staftbrdshire,  276 ;  iron  puddled  in  Crampton  furnace 
better  than  that  made  by  hand,  276 ;  Danks  furnace  fettled  with  oxide  of 
iron,  and  more  iron  brought  out  than  pig  put  in,  277 ;  cooling  of  Crampton 
furnace  very  complete,  277 ;  Crampton  rotator  certainly  works  well,  278  ; 
doubt  about  cost  of  grinding  powdered  fuel,  278  ;  good  fettling  required  for 
all  rotary  furnaces,  278 ;  not  much  difiSculty  in  cutting  up  large  balls  when 
required,  278 ;  advantages  of  Crampton  furnace,  279. — Carbutt,  E.  H., 
Plates  made  from  puddled  bars  piled  for  rolling,  279. — Whitworth,  Sir  J., 
Importance  of  ascertaining  tensile  strength  of  all  specimens,  279. — 
Paget,  A.,  Sufficient  heat  going  up  the  chimney  both  to  dry  and  to  grind 
the  coal,  279. — Bramwell,  F.  J.,  Comparative  yield  of  hand  furnaces  with 
equal  fettling,  280  ;  steel  should  be  recognised  as  a  superior  material  to 
iron,  281. — Head,  J.,  Cost  of  drying  coal  arises  not  so  much  from  fuel  used 
as  from  labour  expended,  281 ;  Crampton  furnace  requires  better  fettling 
than  ordinary  furnaces,  but  gives  greater  yield,  282 ;  rotary  furnace 
removes  impurities  to  greater  extent  than  ordinary  furnaces,  282 ; 
objection  of  lamination  but  little  felt  in  boiler-shell  plates  and  ship 
plates,  283 ;  large  plates  better  made  from  a  single  ball  if  practicable,  283 ; 
consumption  of  coal  in  Crampton  furnace  per  ton  of  puddled  bloom,  283. — ■ 
Cowper,  E.  A.,   Cinder   from   ordinary   hand   furnace  and  from  rotary 
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Puddling,  Mechanical  (continued). 

furnace  should  be  analysed  to  see  what  good  done  by  each,  284. — Adams^ 
T.,  Mode  of  use  of  dust  fuel  in  a  furnace  at  Boston,  U.S.,  284. — Shanks,  A.,. 
Indian  charcoal-pig  treated  in  Crarapton  furnace  made  very  good  iron,  285. 
— Siemens,  C.  W.,  Question  mainly  one  of  obtaining  fettling  of  sufficient 
resisting  power,  285 ;  furnace  for  puddling  ore  direct  avoided  impurities 
put  into  iron  in  blast  furnace,  286 ;  water  casing  introduced,  in  Crampton 
furnace  very  good,  287. — Crampton,  T,  E.,  Good  economy  to  have  best 
fettling  that  can  be  obtained,  287 ;  certain  good  results  obtained  by 
Walker's  original  trial,  but  cold-sliort  iron  produced,  288 ;  Spencer's 
furnace  did  remarkably  good  work,  but  did  not  last  long,  288 ;  liquid 
fettling  very  good  for  re-fettling  after  wear,  289 ;  dust-fuel  furnace  at 
"Woolwich  seems  to  have  no  practical  objection,  289  ;  laminated  plates  not 
so  good  as  homogeneous  ones,  290 ;  iron  made  from  common  Cleveland 
pig  in  dust -fuel  furnace  as  good  as  any  other  produced,  291 ;  impurities 
eliminated  from  pig  better  than  in  other  puddling  furnaces,  291 ;  iror^ 
must  give  way  to  steel  unless  better  material  made  in  general,  292; 
manipulation  of  large  blooms  not  difficult,  292  ;  co.«t  of  fettling  should  not 
be  considered,  as  best  quality  could  be  employed  with  profit.  292 ; 
ductility  of  iron  jaroduced  from  dust-fuel  furnace,  293 ;  cost  of  drying  fuel 
for  grinding  is  only  a  secondary  consideration,  294 ;  perfect  combustion  of 
fuel  in  furnace,  294 ;  process  of  making  malleable  iron  in  India,  294. — 
Hawksley,  T.,  Quality  of  iron  should  be  considered  in  England,  and  not 
quantity  made,  295 ;  most  important  that  phosphorus  should  be  removed 
from  iron,  29G ;  Siemens  gas  furnace  likely  to  turn  out  purer  material 
than  Crampton  dust-fuel  furnace,  297. 

Pullets  for  Wire  Kopes,  1874,  64,  6G,  74. 

Pump,  Bucket  Lift,  1874,  268.— Centrifugal,  293.— Helical,  281.- Jet,  292.— 
Plunger,  268.— Valves  for,  269. 

PuJiP,  Geeindl  EoTAPiY,  Paper  on  the  Greindl  Kotary  Pump,  by  L.  Poillon. 
1878,  440. — Importance  of  pumps  is  as  great  as  tliat  of  motive  power,  440. 
— Eeciprocating  pumps,  440. — Eotary  pumps,  441. — Disadvantages  of 
those  hitherto  in  use,  441. — Greindl  pump,  442. — Diagrams  showing  action 
of  any  form  of  rotary  pump,  442. — Low  mechanical  efficiency  of  existing 
pumps,  443. — Greindl  pump  is  designed  to  overcome  this,  444. — Description 
and  advantages  of  Greindl  pump,  445. — Uniformity  in  pressure  and  volncity 
of  water,  446. — Lateral  pockets  provided  for  this  object,  448. — Practical 
trials  of  Greindl  pump  at  Brest,  450. — Height  of  suction,  451. — Losses  by 
leakage,  452. — Losses  by  friction,  453. — Greindl  pumps  proposed  for  Ourcq 
water  works,  454. — Gearing  and  wear,  455. — Applications  of  Greindl 
pump,  457. — Pumps  for  raising  water  alone,  457. — Pumps  for  raising  a 
mixture  of  water  and  air.  458. — Pumps  for  compressing  or  exhausting  air. 
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PcMP,  Greendl  Eotart  (continued). 

460. — Pumps  for  hydraulic  propulsion  of  ships,  4G2. — Pumps  used  as 
ventilators  or  gas  exhausters,  462. 

Digeussion. — Ellington,  E.  B.,  Greindl  iramp  has  worked  well  at  Hull 
under  diflScult  circumstances,  464. — Hawksley,  C,  Equal  percentage  of 
useful  effect  can  be  obtained  with  ordinary  beam  pumping  engine,  465. — 
Ellington,  E.  B.,  Useful  effect  at  Hull  was  50  per  cent.,  465. — Poillon,  L., 
Each  height  of  lift  has  an  appropriate  speed,  which  gives  greatest 
efficiency,  465. — Piobinson,  J.,  Pump  would  become  very  valuable  for 
certain  operations,  465. 

Pujip,  Helical,  Paper  on  the  Helical  Pump,  by  John  Imray,  1S74,  281. — 
Application  of  tvu-bine  in  an  inverse  manner  for  obtaining  rotary  motion, 
281. — Design  and  action  of  helical  pump,  282. — Construction  of  pump,  283. 
— Advantages  comjiared  with  other  rotary  pumps,  284. — Experiments  for 
testing  efficiency,  285. — Percentage  of  efficiency,  286. — Applications  of 
helical  pump,  288. 

Discussio7i. — Imray,  J.,  Helical  pump  better  than  other  rotary  pumps 
for  forcing  water  to  higher  level,  not  so  good  for  suction  from  lower  level, 
289. — Siemens,  C.  W.,  Pump  cannot  raise  water  from  lower  level  unless 
previously  charged,  289. — Imray,  J.,  Foot-valve  is  required,  289. — 
Cowper,  E.  A.,  Depth  from  which  pump  would  draw,  289. — Imray,  J., 
Helical  pump  more  effective  in  suction  when  horizontal  than  when 
vertical,  290. — Siemens,  C.  W.,  Helical  pump  avoids  changes  of  direction 
in  the  water  and  consequent  loss  of  power  from  eddies,  290 ;  advantages 
as  a  turbine  and  as  a  propeller,  290. — Imray,  J.,  Combined  helical  pumps 
working  one  into  another,  291. — Eeynolds,  E.,  Helical  pump,  if  used  as  a 
propeller,  has  advantage  of  reversing  like  a  paddle  wheel,  292  ;  experiments 
on  water  ejectors  or  jet  pumps,  292 ;  centrifugal  pump  working  without 
foot-valve,  293. — Amos,  C.  E.,  Centrifugal  pump  better  for  raising  large 
quantities  of  water,  293. — Cowper,  E.  A.,  Depth  from  which  pump  would 
draw,  294 ;  advantages  of  helical  pump  compared  with  centrifugal  pump. 
294. — Brotherhood,  P.,  Application  of  helical  pumjj  to  hydraulic  propulsion, 
294. — Imray,  J.,  Helical  pump  not  required  to  be  larger  than  centrifugal 
pump,  295. 

PcMPDfG  ExCxixES  AND  Poips,  for  high  lifts  in  mines,  1874,  258.  See  Engines, 
Pumping,  Direct- Acting. 

PtniprN-G  Engines,  Bull,  1874,  259. — Compound,  265.— Cornish,  258. — Differential, 
260. — Horizontal  rotary  geared,  260. — Piotary  beam,  259. 

Pumping  Engines,  useful  effect,  1878,  464. — Cut-off"  gear,  523. 

PcMPiNG  Machinery  for  Docks,  1874,  145.     See  Docks,  Pumping  Machinery. 

PcMPS  FOB  High  Lifts.    See  Engines,  Pumping,  Duect-Acting,  1874,  258. 

Pumps  for  sinking  shafts  through  sand,  1880,  485.     See  Sand  Pump. 
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PcNfiH,  American  Spiral  (Kennedy's),  1S78,  235,  239,  243. 

PrxcHiXG.     See  Steel  Boiler  Experiments.     See  Flow  of  SoliJs.     ^ee  Hydraulic 

Machinery,  Toulon. 
PuNCHixG  Machine,  Hydraulic,  1874,  171. 
PuPLETT,  S.,  elected  Member,  1884,  2. 

QuAEEiES,  visited  at  Glasgow  meeting ;  Sim  and  Co.,  1870,  580. 
QuiLLACQ,  A.  DE,  elected  Member,  1878,  558. 

R. 

Eadfoed,  E.  H.,  elected  Member,  1878,  107. 

Eadial  Axlebox,  1877,  304.     See  Axlebox,  Kadial. 

Eafabel,  W.  C,  elected  Member,  1884,  199. 

Eails,  cold-rolling  of  ii-on  rails,  1878,  333,  338,  341. — Tramway  rails,  423,  434, 
435,  439. — Wear  of  rails  on  ascending  and  descending  railway  gradients, 
202,  204,  208,  209. 

Eails,  Steel,  saving  compared  with  iron  rails,  1879,  128,  129. — Wear,  130.  See 
Eailway  Working. 

Eailway  Brakes.    See  Brakes. 

Eailway  Electric  Signals,  Paper  on  the  application  of  Electro-Magnets  to  the 
working  of  Eailwa}".  Signals  and  Points,  by  I.  A.  Timmis,  1884,  444. — Main 
featm-es  of  improved  electro-magnet,  444. — Eange  and  strength  of  pull, 
444. — Ordinary  form  of  electro-magnet  and  solenoid,  445. — Currie  long- 
pull  magnet,  445. — Uniformity  of  pull,  446. — Double  length  of  puU,  447. 
— Eailway  signals,  448. — Electric  cuiTent,  449. — Power  and  cost,  450. — 
Batteries  employed,  451.  —  Eailway  points,  451. —  Advantages,  452. — 
Signals,  452. —  Points,  452. — Application  to  railway  junctions,  453. — 
Station  to  station  signalling,  454. 

Discussion. — Timmis,  I.  A.,  Eailway  electric  signals  now  in  work,  454  ; 
influence  of  weather,  455 ;  small  signal  at  Swansea,  455 ;  signals  go  to 
danger  automatically,  456 ;  working  of  constant  and  intermittent  currents, 
456 ;  treadle  for  breaking  contact,  456  ;  reduction  of  current  from  pulling 
to  retaining,  457;  repeater-arm  and  lamp,  457. — Crompton,  E.  E.  B., 
Electric  transmission  of  power,  458 ;  capabilities  of  electro-magnets,  458  ; 
difficulty  of  providing  electric  currents  along  railway,  459  ;  question  of  cost, 
459 ;  difficulty  of  perpetually  making  and  breaking  contacts,  460  ;  various 
forms  of  long-puU  magnet,  460 ;  adjustment  of  force  by  counterweight, 
400. — Walker,  S.  F.,  Increased  length  of  pull  by  leverage,  401 ;  action  of 
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solenoid  magnet,  462;  buffer  to  receive  impact,  4C2  ;  Faulkner's  Altandae 
magnet,  4C3 ;  economy  of  magnet,  4G3 ;  smaller  currents  might  be  used, 
464  ;  strength,  of  current  for  colliery  signals,  464  ;  length  of  eflfective  pull, 
465 ;  troubles  ■with  switches  and  contacts,  465 ;  difficulty  of  providing 
electric  power,  465 ;  breaking  of  contact  implies  making  of  contact,  466. — 
Davey,  H.,  Number  of  battery  cells  for  working  signal,  46G. — Timmis, 
I.  A.,  Battery  power  for  one  signal  will  suflSce  to  work  a  number,  466  ; 
transmission  of  electric  power,  467  ;  experience  at  Swansea,  467  ; 
utilisation  of  spare  motive  j^ower,  467  ;  Lalande  battery,  467 ;  results  from 
Currie  magnet  and  from  ordinary  solenoid,  468  ;  details  of  construction  of 
Currle  magnet,  468 ;  adjustment  of  force  of  pull,  4G9  ;  various  forms  of 
armatures,  469 ;  saturation  of  armature  plate,  470 ;  use  of  maximum 
pulling  current  and  minimum  retaining  current,  470, 

Railway  Gauge,  1875,  66. — 1877,  158.     See  Gauge,  Eailway. 

Railway,  St.  Gothaed,  Paper  on  the  Construction  and  Working  of  the  St. 
Gothard  Railway,  by  E.  Wendelstein,  1883,  46.3.— General  design,  463.— 
General  construction,  466. — Principal  tunnels,  468. — Principal  iron  bridges, 
470. — Tunnelling,  469. — Brandt  hydraulic  rotary  drill,  469  ;  work  done 
by  ditto,  473 ;  comparison  with  Frolich  drill  and  hand  work,  474. — 
Ventilation  of  St.  Gothard  tunnel  during  construction,  474. — Temperatures 
in  heading  of  St.  Gothard  tunnel,  475. — Ventilation  of  sph-al  tunnels 
during  construction,  477.  —  Ventilation  of  St.  Gothard  tunnel  after 
completion,  479. — Present  condition  of  ventilation  in  St.  Gothard  tunnel, 
479;  in  spiral  tunnels,  482. — Influence  of  traflfic  on  ventilation,  484. — 
Ventilation  as  affected  by  gradients,  486. — Locomotives,  486. — Hauling 
power  of  locomotives,  488-9. — Carriages  and  wagons,  490. 

Discussion. — Trasenster,  L.,  Sorameiller's  use  of  compressed  air  for 
Mont  Cenis  tunnel,  491 ;  advantages  of  Brandt  drill,  491. — Rathbone, 
E.  P.,  Advantage  of  Brandt  drill  for  mining,  492. — "Westmacott,  P.  G.  B., 
Hydraulic  drill  at  AUenbead  lead  mines,  492. 

Railways,  Notes  on  Belgian  Railways,  by  P.  Trasenster,  1883,  586. 

Railways,  Portable,  1884,  126.     See  Portable  Railways. 

Railway  Traffic,  Cost  of,  Paper  on  the  Cost  of  working  different  descriptions 
of  Railway  Traffic,  by  F.  R.  Conder,  1878,184. — Division  of  revenue  between 
jjassengers,  goods,  and  minerals,  unknown,  184. — Means  of  ascertaining  it, 
184. — "Train-mile"  is  the  only  unit  for  co-st,  185. — Its  disadvantages, 
185. — True  distribution  of  income  and  earnings  first  made  for  New  South 
Wales  Railways,  185. — Proper  distribution  of  cost  is  proportionate  to  work 
actually  done,  186. — Hauling  of  goods  is  more  costly  than  of  passenger 
trains,  187. — Cost  of  hauling  per  ton-mile  is  assumed  equal  at  all  speeds, 
188. — Large  increase  in  engineering   expenses,  where  mineral  traffic  is 
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heavy,  188. — Average  cost  of  passengers  and  goods  per  mile  on  French, 
American,  Indian,  and  Australian  railways,  188. — Engineering  cost  on 
English  railways,  as  compared  with  proportion  of  gross  revenue  derived 
from  mineral  traffic,  189. — Average  rate  charged  per  ton  of  freight  and 
per  passenger  is  assumed  equal,  191. — Net  profit  on  goods  and  passenger 
traffic  for  1875,  191. — Loss  incurred  by  transport  of  mineral  traSSc,  191. — 
Xeed  of  new  method  for  keeping  railway  accounts,  191. — Table  of  gross 
and  net  work  on  seven  French  railways,  192. — Ditto  on  seven  Indian 
railways,  193. — Table  of  proportions  to  gross  revenue  borne  by  mineral 
receipts  and  by  engineering  cost,  194. 

Discussion. — Williams,  E.  Price,  Train-mileage  principle  is  utterly 
fallacious,  195 ;  tabular  analysis  of  expenditure  and  receipts  on  five 
English  railways,  196 ;  table  showing  apportionment  of  working  expenses 
on  London  and  North  Western  Railway,  198 ;  ditto  on  Great  Northern 
Railway,  199  ;  difference  between  expense  of  working  passenger  and  goods 
traffic  is  much  less  than  assumed  by  author,  200  ;  cost  of  conveying  coal 
•  is  only  a  farthing  per  ton  per  mile,  201 ;  tare  weight  of  coal  traffic  is 
under  50  per  cent,  of  gross  weight  of  loaded  train,  201 ;  speed  is  a  most 
important  element  in  cost  of  haulage,  202. — Markham,  C,  Difficult  to 
make  a  proper  comparison  between  working  expense  of  one  railway  and 
another,  203  ;  gradients  are  a  point  that  has  not  been  noticed,  203  ; 
increased  weight  tends  more  to  wear  of  rails  than  increased  speed,  204 ; 
train-miles  might  be  factitiously  augmented  for  sjiecial  purposes,  205. — 
Eamsbottom,  J.,  Impossible  satisfactorily  to  compare  working  of  different 
railways,  205  ;  gradients  may  be  worked  more  cheaply  than  levels,  206. — 
Robinson,  J.,  Heavy  traffic  is  generally  worked  down  gradient,  206. — 
Cowper,  E.  A.,  Jars  and  jolts  are  greater  at  high  tban  at  low  speed,  206. 
— Webb,  F.  W.,  Not  advisable  for  railway  companies  to  publish  detailed 
accounts,  207. — Kershaw,  J.,  Details  of  accounts  are  known  to  managers 
of  railways,  though  not  to  public,  207 ;  great  expenses  caused  by  heavy 
mineral  traffic,  207 ;  wear  on  descending  side  of  gradients  upon  Great 
Northern  Railway  is  perhaps  due  to  heavy  traffic  being  on  that  side,  208. 
— Webb,  F.  AV.,  Heavy  traffic  on  Great  Northern  Railway  is  not  as  a  rule 
down-bill  to  London,  208. — Williams,  R.  P.,  Wear  on  descending  track  is 
quicker  in  all  cases,  208. — Paget,  A.,  Asked  whether  use  of  brakes  might 
explain  wear  of  rails,  209. — Williams,  R.  P.,  Brakes  have  little  to  do  with 
extra  wear,  209. — Paget,  A.,  Facts  appear  all  to  be  on  the  side  of  speed 
increasing  the  wear,  209. — Conder,  F.  R.,  Paper  at  least  makes  out  a 
strong  case  for  enquiry,  210. — Robinson,  J.,  What  items  are  included  in 
"engineering  expenses"  on  Metropolitan  and  North  Eastern,  211. — 
Cunder,  F.  R.,  "Engineering  expenses"  are  maintenance,   repairs,  and 


R.  171 

Kailwat  Traffic,  Cost  of  (continued). 

locomotion,    211.  —  Markham,    C,    Four    other    companies    work    over 
Metropolitan,  212. — Conder,  F.  K.,  Traific  on  London  and  South  Western 
Eailway  is  altogether  light,  213. — Eobinson,  J.,  Difficult  for  companies  to 
obtain  the  cost  of  traffic,  214;  several  mineral  lines  pay  high  dividends, 
214.— Williams,  E.  P.,  Will  supply  lables  to  be  published  in  Proceedings, 
214. — Conder,  F.  E.,  Purely  mineral  lines  differ  greatly  from  those  -with 
mixed  traffic,  214. — Eobinson,  J.,  Hoped  'Mi:  Price  Williams  -would  give  a 
paper  on  tonnage  and  cost  of  conveying  passengers  and  goods,  215. 
Railway  Wagoxs.     See  South-Wales  Mineral  Wagons,  1884,  415. 
Eail-wat  Working,  Paper  on  the  Economy  of  Eailway  Working,  by  E.  Price 
Williams,  1879,  96. — ^Particulars  needed  to  arrive  at  exact  cost  of  any 
particular  branch  of  railway  working,  96. — Apportionment  of  various  items 
of  expense,  96.— Permanent  way  expenses,  97. — Large  saving  effected  by 
use  of  steel  rails,  100. — Comparative  life  of  iron  rails  and  steel  rails,  100. — 
Locomotive  expenses,   102. — Carriage   and  wagon  repairs,  105. — Traffic 
expenses,   105. — Eeceipts   and  expenses  in   1877  on  railways   north  of 
Thames,   106.— Ditto  on  railways   south  of  Thames,   107.— Goods  and 
mineral  traffic,  comparison   of  tonnage  and  receipts.  111. — Goods   and 
mineral  receipts  and  expenses  per  train  mile,  112. — Extra  cost  of  haulage 
on  ascending  gradients,  112. — Appendix,  Tabular  statements,  116. 

Discussion. — Williams,  E.  P.,  In  reply  to  Mr.  Conder's  paper  1878, 
goods  and  mineral  traffic  is  not  carried  on  at  a  dead  loss,  but  is 
the  most  paying  traffic,  135 ;  locomotive  expenses  as  apportioned  to 
passenger  and  to  goods  and  mineral  traffic,  136;  ratio  of  receipts  and 
expenses  on  various  classes  of  railway,  136;  explanation  of  diagrams, 
138. — Conder,  F.  E.,  Author  admits  that  accounts  of  railway  companies 
do  not  suffice  for  ascertaining  the  cost  of  separate  kinds  of  traffic,  142  ; 
speed  at  which  train  weight  is  carried  does  not  affect  wear  of  the 
line.  142 ;  average  speed  of  coal  trains  given  too  high,  143 ;  no  ground 
for  such  a  term  as  "speed  tons,"  143 ;  that  mineral  traffic  is  not  lucrative 
is  shown  by  decline  in  earning  power  of  mineral  lines,  144. — Gallon,  D., 
Main  difficulty  in  such  analysis  is  to  get  a  proper  apportionment,  144 ; 
speed  not  the  only  cause  of  wear  of  rails,  144;  proportion  between 
receipts  and  working  expenses  is  declining,  145 ;  third-class  traffic 
requires  to  be  more  fully  developed,  145. — Bergeron,  C,  Small  branch 
railways  could  be  worked  cheaper  by  small  than  by  great  companies,- 
146  ;  expenditure  and  receipts  of  Tre'port  railway,  147.— Williams,  E.  P., 
Speed  of  coal  trains  is  actual  average  on  Great  Northern  Eailway,  148  ; 
actual  facts  showing  effect  of  speed  on  wear  of  rails,  148 ;  even  if  speed 
be  not  an  element  in  wear  and  tear,  goods  and  mineral  traffic  shows  large 
profit,  149 ;    general  use  of  steel  instead  of  iron  rails  would  diminish 
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increase  in  working  expense,  149 ;  large  proportionate  profit  on  third-class 
traffic,  150. — Bergeron,  C,  Express  trains  in  France  entirely  first-class, 
151. — Galton,  D.,  Great  reduction  in  cost  of  locomotive  power  on  Great 
Northern  railway  from  1873  to  1877,  151. — Williams,  E.  P.,  Keduction 
attributable  to  cheaper  fuel  and  to  greater  economy  in  working,  151  ; 
easy  gradients  most  important  in  constructing  new  lines,  151. — Robinson, 
J.,  First-class  carriages  on  Continent  are  always  full,  but  not  in  England, 
152 ;  reduction  in  rates  might  be  most  conveniently  made  on  goods 
traflSc,  152. 

Rainfoed,  a.,  elected^  Member,  1875,  189. 

Eaising  of  Wkeck  "  Editu,"  Paper  on  the  appliances  and  operations  for  Raising 
the  wreck  "  Edith  "  at  Holyhead,  by  L.  M.  Kortright,  1878, 116. — Position 
of  wreck,  116. — Weight  of  wreck  when  submerged,  117. — Strength  of  ship 
calculated  as  girder,  117.  —  Description  of  lifting  apparatus,  119. — 
Arrangement  of  timber  staying  to  resist  collapse,  122. — Operations  at 
wreck,  123. — Tests  of  hooks  for  wire-rope  attachments,  125. 

D/scuss«o«.— Robinson,  J.,  Importance  of  knowing  best  means  of  raising 
wrecks,  127. — Kortright,  L.  M.,  Subsequent  operations  for  bringing  ship 
into  dry  dock,  127. — Olrick,  L.,  Machinery  all  designed  by  Mr.  Halpin, 
129. — West,  H.  H.,  Apparatus  appears  similar  to  that  used  by  Mr.  Harland, 
129. — Halpin,  D.,  Idea  of  fixing  the  tanks  together  with  balks  is  Mr. 
Harland's,  129. — Robinson,  J.,  More  important  to  consider  whether  the 
mechanical  appliances  were  the  best  that  coidd  be  adopted,  130. — Gorman, 
W.  A.,  Experience  with  the  "  Edith  "  shows  how  difficult  it  would  be  to 
raise  tlie  "  Vanguard,"  130  ;  proposed  apparatus  for  raising  the  "  Eurydice," 
13'v);  design  of  a  pontoon  lifting-apparatus,  130. — Paget,  A.,  Amount  of 
*'suck"  that  had  to  be  overcome,  131. — Hayter,  H..  Conditions  of  the 
■"  Edith  "  and  of  the  "  Vanguard  "  are  totally  difierent,  132  ;  no  operation 
would  be  successful  in  raising  the  "  Vanguard,"  132. — Gra)',  J.  M., 
Apparatus  used  for  raising  the  "Edith"  is  much  improved  over  that 
used  by  Mr.  Harland,  133. — Webb,  F.  W.,  Pontoons  are  now  used  for 
storage  of  water,  131 ;  work  was  done  under  many  difficulties,  135  ; 
system  adopted  for  lifting  was  right,  135;  very  little  repairs  required  to 
engines  of  "  Edith,"  135. — Cowper,  E.  A.,  Means  of  preventing  ship  from 
being  held  down  by  mud,  136. — Paget,  A.,  Cheaper  way  would  be  to 
provide  extra  buoyancy,  130.— Webb,  F.  W.,  Extra  immersion  of  pontoons 
was  because  of  mud  in  hull,  136. — Halpin,  D.,  Freeboard  altered  when 
coming  in  shore,  136 ;  no  suck  whatever  experienced,  137 ;  difficulty  of 
working  with  divers  at  depth  in  which  "Vanguard"  lies,  137;  presence 
of  sand  improbable,  137. 

Rait,  II.  M.,  elected  Member,  1878,  107. 
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Rake,  H.,  elected  Member,  1874,  27. 

Ramsbottom,  J.,  Brake,  Automatic  Screw-Brake,  1882,  ofli,  510. 

Centrifugal  Separator,  1882,  527. 

Gas  Engine,  Atmospheric,  1875,  208,  209. 

Hydraulic  Macliinerj',  Marine,  1874,  54. 

Hydraulic  Machinerj^  Workshop,  1874,  185. 

Locomotives,  Francq's  Fireless,  for  Tramways,  1870,  028. 

Locomotives,  Fuel  Consumption,  1884,  102. 

Portable  Railways,  1884,  145. 

Railway  Traffic,  Cost  of,  1878,  206. 

Steel,  Fluid-Compressed,  and  Guns,  1875,  28^. 

Ventilators  fur  Mines,  Mechanical,  1875,  532. 
Ramsden,  Sir  J.,  elected  Member  of  Council,  1881,  30.— 1884,  21. 

Docks,  Barrow-in-Fnrness,  1880,  331. 
Ramsden,  R.,  elected  Member,  1878,  31. 
Rankeilor,  TV.  C,  elected  Graduate,  1874,  101. 
Rapier,  R.  C,  Rules,  1877,  37. 

Tramways,  Permanent  Way,  1880,  206,  210,  211. 
Rathbone,  E.  p.,  elected  Member,  1883,  309. 

Collieries  visited  at  Lie'ge,  Notes  on,  1883,  528. 

Railway,  St.  Gothard,  1883,  492. 

Silver  Ore  Amalgamation,  Paper  on  the  Francke  "  Tina  "  or  Tat  ProcesE' 
for  the  Amalgamation  of  Silver  Ores,  1884,  257  — Remarks,  270. 
Ratliffe,  G.,  Forging  of  Crank  Shafts,  1879,  475. 
Ravenhill,  J.  R.,  Boiler  and  Engine,  High-Pressure,  1877,  128. 

Council,  Annual  Report,  1879,  34. 

Patent  Laws,  1876,  179,  185,  195. 

Rules,  1879,  43. 
Rawlixsox,  R.,  elected  Member,  1878,  31. 
Rayleigh,  Loud,  nominated  Honorary  Life  Memb.r,  1878,  564. 

Electric  Lighting,  1879,  253. 
Raze,  A.,  Description  of  the  Ougree  Iron  and  Steel  Works,  1883,  511. 
Reader,  R.,  elected  Member,  1883,  593. 
Reapixg  Machines.     See  Harvesting  Machiner}-. 
Reay,  T.  p.,  elected  Member,  1882,  255. 

Recorder,  Moscrop  Engine  Recorder,  1884,  150.     See  Engine  Recorder. 
Redditch  Needle  Works,  Messrs.  ^lilward's,  1876,  341. 
Redfath,  F.  R.,  elected  Member,  1881,  164. 

Reducer  for  Water  Pressure,  1879,  423,  434.     See  Water  Pressure. 
Reed,  A.  H.,  elected  Member,  1883,  33. 
Reed,  C.  H.,  elected  Member,  1881,  9. 
Rees,  W.  D.,  elected  Member,  18S1,  199. 
Rees,  W.  T.,  elected  Member,  1884,  199. 
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Regulators  for  "Water  Pressure,  Foulis',   1879,  423.     Barton  and  West's,  43i. 

See  Water  Pressure. 
Eeid,  J.,  elected  Member,  1883,  593. 

Kemoval  of  Institution  to  London,  1870,  29.— 1877,  26,  163,  168.     See  Kules. 
Kender,  F.,  elected  Associate,  1877,  166. 

Hennie,  G.  B.,  elected  Member  of  Council,  1878,  29.— 1881,  30.— Vice-President, 
1882,  32. 
Blast-Furnace  Working,  1883,  135,  154. 

Docks,   Pumping    Machinery,   Taper   on    the    Pumping   3Iachinery   for 
emptying  the  Dry  Docks  at  Chatham,  and  at  Kio  de  Janeiro,  1874. 
145.— Eemarks,  157,  158,  159,  160. 
Docks,  Barrow-in-Furness,  1880,  331. 
Exhibition,   Report    on    the    North-East    Coast    Exhibition   of   Marine 

Engineering  itc,  1882,  472. 
Petroleum  Fuel  in  Locomotives,  1884,  302. 
Shafting,  Strength  of,  1883,  210. 
Steel,  Fluid-Compressed,  and  Guns,  1875,  289. 
Tunnel,  St.  Gothard,  1883,  176. 
Eennie,  J.,  elected  Member,  1878,  107. 
Eennie,  J.  K.,  elected  Member,  1879,  398. 
Eexnoldson,  J.  M.,  elected  Member,  1881,  164. 
Eepoet  of  Council,  Annual.     See  Council,  Annual  Eeport. 
EESfiARCH,  Mechanical,  1879,  47. — Eobinson,  J.,  Suggestions  as  to  subjects,  47 ; 
resolution  proposed  that  £300  be  voted,  47. — Hulse,  W.  W.,  Committee 
should  be   appointed  from  outside  the  Council,  47. — Eobinson,   J.,  Not 
proiwsed   that   Committee   should   consist  of  Council  alone,  47. — Hulse. 
W.  W.,  Amendment  that  the  expenditure  should  be  for  promoting  text 
books  on  science,  48. — xVdamson,  D.,  Better  to  expend  money  on  premiums 
for  papers  than  on  research,  48. — Tweddell,  E.  H.,  Institution  takes  no 
responsibility   in  publishing  results  of   experiments,  49. — Eobinson,  J., 
Heads  of  proposed  scheme  of  Eesearch,  49. — Eesolution  agreed  to,  51. 
Procedure  in  1879,  1880,  12. — Expenditure,  16. — Vote  of  thanks  to  Eesearch 

Committees  and  to  Honorary  Eeporters,  23. — Eiveted  Joints,  186. 
Progress  in  1881,  1882,  19.— Eiveted  Joints,  31.— Steel,  37. 
Eeservoir  Dam,  La  Gileppe,  1883,  516,  553. 
Eestler,  J.  W.,  elected  Member,  1876,  347. 
Eeunert,  T.,  elected  Member,  1883,  33. 
Eeversing  Gear,  Hydraulic,  for  Marine  Engines,  1874,  35. 
Eeynolds,  E.,  Gas  Engine,  Atmospheric,  1875,  204. 
Engines,  Winding,  Direct- Acting,  1875,  233. 
Forging  of  Crank  Shafts,  1879,  473. 
Marino  Engine,  1881,  499. 
Pump,  Helical,  1874,  292. 
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Shafting,  Strength  of,  1883,  213,  223. 

Steam-ship  "  City  of  Kome,"  1880,  346,  349,  357. 

Steel,  Fluid-Compressed,  and  Guns,  1875,  2dd. 

Valve-Gear,  Joy's,  1880,  445. 

Wood-Working  Machinery,  1875,  263. 
PiETxoLDS,  G.  B.,  elected  Member,  1879,  583. 
Reynolds,  O.,  Screw  Propeller,  1879,  604,  605,  608. 
Eetxolds,  T.  B.,  elected  Graduate,  1884,  2. 
Ehodes,  v.,  elected  Member,  1882,  255. 

Ehtmney  Iron  Works,  visited  at  Summer  meeting,  Cardiff,  1884,  359,  381-386. 
EiCH,  W.  E.,  elected  Member,  1875,  315. 

Dynamometer,  Marine-Engine,  1877,  264. 

Dynamometers,  Paper  on  Dynamometers,  Friction  Brakes,  and  other 
testing  apparatus  belonging  to  the  Eoyal  Agricultiu'al  Society,  1876, 
199.— Eemarks,  227,  234,  239. 

Expansion,  A'ariable  Automatic,  1877,  287. 

Feed- Water  Heater  and  Filter,  1881,  547. 

Friction  Experiments,  1884,  34. 

Harvesting  Machinery,  1881,  53. 

Lead  Processes,  1881,  536. 

Lifts,  Hydraulic,  1882,  162. 

Locomotives,  Compound,  1883,  447. 

Locomotives,  Fuel  Consumption,  1884,  115. 

Marine  Engine,  1881,  489. 

Power  Transmission,  1881,  98. 

Secretary,  appointment,  1884,  78. 

Thrashing  Machmes,  1881,  398,  400. 

Tynewydd  Colliery  Inundation,  1877,  229. 

Water  Meters,  1882,  76. 
EicHARDS,  E.  W.,  elected  jMember  of  Council,  1882,  32. 

Blast-Furnace  Working,  1882.  304,  310,  312. 

Steel  Compression  by  Steam,  1880,  400,  403,  415. 
EiCHAKDS,  G.,  elected  Member,  1882,  476. 
EiCHARDS,  L.,  elected  Member,  1884,  409. 

EiCHARDSOX,  G.,  elected  Member,  1881,  624. — Memoir,  1884,  474. 
EiCHARDSON,  J.,  Hydraulic  Machinery,  Workshop,  1874,  191,  194. 
EiCHAEDSON,  W.,  elected  Member  of  Council,  1877,  25.— 1879,  36.— 1882,  32. 

Accidents,  Mine,  Mechanical  Appliances  for,  1877,  340. 

DrUhng  Machines  for  Boiler  Work,  1878,  581. 

Engine  Eecorder,  18S4,  160. 

Feed- Water  Heater  and  Filter,  1881,  546. 
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High-Pressure  Vessels,  1S7S,  290. 

Locomotives,  Francq's  Fireless,  for  Tramwaj^s,  1879,  G34. 
Kope  Gearing,  1876,  305. 
Valves,  Safety,  1877,  188. 
Ventilator,  Boots'  Jline,  1877,  109. 
KiCHES,  C.  H.,  elected  Member,  1884,  199. 

Locomotive  Eunning  Shed,  Paper  on  the  new  Locomotive  Eunning  Shed 
of  the  Taff  Vale  Eailwaj-  at  Cathays,  Cardiff,  1881,  243.— Eeraarks,  254. 
EiCHES,  T.  H.,  elected  Member,  1874,  101. 

Accidents,  IMiue,  Mechanical  Appliances  for,  1877,  329,  339. 

Brakes,  Pcfper  on  Automatic  action  in  continuous  railway  Brakes,  1880, 

100.— Eemarks,  139-150. 
Brake,  Automatic  Screw- Brake,  1882,  514. 
Brakes,  Effect  of,  upon  railway  trains,  1879,  204,  215. 
Locomotive  Eunning  Shed,  1884,  250,  252. 
South-Wales  Mineral  Wagons,  1884,  42C. 

Tynewydd     Colliery    Inundation,    Paper    on    the     Tynewydd    Colliery 
Inundation,  with  particulars  of  the  appliances  used  for  rescuing  the 
miners  and  recovering  the  workings,  1877,  221. — Eemarks,  227,  232. 
Vote  of  tlianks,  reply  to,  1884,  201. 
EiCKETTS,  F.  H.,  elected  Member,  1874,  256. — Decease,  1875,  3. — Memoir,  30. 
EiDEHALGH,  G.  J.  M.,  elected  Associate,  1882,  16. 
EiDLEY,  J.  C  elected  Member,  1879,  398, 
EiLET,  J.,  elected  Member,  1874,  256. 
EiPPER,  W.,  elected  Associate,  1884,  80. 
EivER  Bends,  Flow  of  Water  round,  1879,  456.     See  Flow. 
EivET  Holes,  advantages  of  drilled,  1876,  71,  96,  97,  110. 

EiVET  Holes,  punched  and  drilled,  1878, 222, 229.   See  Steel  Boiler  Experiments. 
EiVET  Iron  and  Steel,  Tests  of,  1879,  268.     See  Iron  and  Steel  for  Boilers. 
EiVETED  Joints,  Tests  of,  1879,  274.     See  Iron  and  Steel  for  Boilers. 
Eiveted  Joints.     See  Eiveting. 

EiYETiNG,  Paper  on  Eiveting,  with  special  reference  to  Ship-Work,  by  M.  Le 
Baron  G.  Ciauzel,  1881,  167. — Fundamental  principle  in  riveting,  168.— 
General  formulae,  169. — Practical  formulae,  173. — Application  of  practical 
formulre,  177. — Width  of  joints,  183. — Butt  joints,  184. — Proportion  of 
strength,  185. — Narrowing  towards  edge,  186. — Diameter  of  rivets,  187. — 
Determination  of  constants,  188. — Diameter  of  rivets,  189. — Pitch,  190. — 
Calculation  for  joint  with  maximum  strength,  191. — Joint  with  given 
proportion  of  strength,  194. — Keelson  joints,  with  water-tight  frame- 
plates,  190. — Weakening  of  plates  at  points  of  attachment,  197. — 
Strengthening-plates  for  shell  plating,  109. — Eiveting  of  comer  angle- 
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irons,  200.— Influence  of   corrosion,  201. — Eeduction   in   widtli,   201.— 
Tabulated  summary  of  formulae,  203. 

Riveting,  Paper  on  results  of  experiments  on  Eiveted  Joints,  Series  I — VIII 
made  for  the  Institution  of  Mechanical  Engineers,  by  A.  B.  W.  Kennedy, 
1881,  205.— Materials,  preparation,  and  testing  of  specimens,  205.— 
Tenacity  of  plates,  206.— Elasticity,  208.— Tenacity  of  rivet  steel,  213.— 
Shearing  strength  of  rivet  steel,  214. — Punching  and  drilling,  215. — 
Tension,  shear,  and  bearing  pressure,  219.— Margin  and  pitch,  222. — 
Final  series  of  experiments  on  riveted  joints,  224.— General  results,  229. — 
Tabulated  details  of  experiments,  Tables  I— XXV,  232-25G.— Note 
respecting  pitch  and  diameter  of  rivets,  257. 

Discussion. — Kennedy,  A.  B.  W.,  Experiments  on  shearing  of  actual 
rivets  in  plates,  258.— Tweddell,  R.  H.,  Rules  of  practice  for  riveted  joints 
in  iron,  258 ;  elastic  life  of  iron  or  steel,  259  ;  limit  of  fatigue,  259 ;  margin 
and  pitch,  260.— Webb,  F.  W.,  Caulking  and  sponging  of  riveted  joints, 
260;  internal  corrosion  in  iron  cattle-ships,  261;  wider  angle-irons  for 
locomotive  boilers,  261 ;  failure  of  Livadias  boiler-plates,  2G2  ;  treatment 
of  steel  plates  for  boilers,  263.— Boyd,  W.,  Early  set  of  steel  in  testmg, 
263 ;  increased  strength  of  steel  after  punching  or  drilling,  204:.- Cowper, 
E.  A.,  Early  permanent  set  in  iron  tie-rods,  264. — Traill,  T.  W.,  Uniform 
width  and  length  desirable  for  test  specimens,  264;  elastic  limit  should  be 
beginning  of  set,  265;  experimental  shearing  results  are  much  higher 
than  in  actual  joints,  265 ;  measurement  of  diameter  of  rivet  holes,  265. — 
Longridge,  R.  C,  High  proportional  strength  of  steel  joints  as  compared 
with  iron,  266;  increase  of  strength  due  to  perforation  of  plates,  267; 
natural  tenacity  of  plates,  267. — Cowper,  E.  A.,  Reduced  area  of  section 
at  point  of  fracture,  268. — Longridge,  R.  C,  Perforation  equalises  intensity 
of  strain,  268. —  Schonheyder,  W.,  Objection  to  mode  of  testing  for 
shearing,  268. — Hall,  W.  S.,  Experiments  and  practice  coincide  tolerably 
as  to  pitch,  but  not  as  to  diameter,  269  ;  weakening  of  joints  by  corrosion, 
269. — Head,  Jeremiah,  Early  commencement  of  permanent  set,  269 ;  joints 
are  tested  straight  in  experiments,  but  are  curved  in  many  structures,  270 ; 
evil  of  bending  cold  after  punching,  270. — John,  W.,  Elastic  curve  of  iron 
as  compared  with  steel,  271 ;  effect  of  punching  on  thin  and  thick  plates, 
272 ;  difference  between  testing  a  narrow  strip  and  a  wide  plate,  273. — 
Halpin,  D.,  Difference  between  limit  of  tensile  strength  and  actual 
breaking  stress,  273. — Fletcher,  L.  E.,  Particulars  of  hydraulic  bursting 
tests  on  experimental  boiler,  274 ;  strength  of  test  strips,  275 ;  comparison 
between  hydraulic  bursting  and  machine  tests,  276;  strength  of  single- 
riveted  lap-joint,  276;  greater  strength  of  joints  in  boiler  than  in  test 
strips,  276 ;  punched  plates  really  stronger  than  plain  plates,  277 ;  3-in. 
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pitch  of  rivets  sufficient  for  tightness,  277 ;  cracking  of  phitcs  at  inner 
edge  of  lap  joints,  278. — Beaumont,  W.  W.,  IVIinuteness  of  early  permanent 
set,  278. — Schonheyder,  W.,  Rivets  pitched  wide  longitudinally  may  have 
narrow  pitch  diagonally,  279. — Fletcher,  L.  E.,  Wider  pitch  and  larger 
rivets  would  make  stronger  joint,  279.  —  Head,  Jeremiah,  Effect  of 
large  or  small  hole  in  bolster,  279. — Fletcher,  L.  E.,  Punched  plates 
stretched  less  than  solid  plates,  280 ;  tabulated  results  of  tests  on  ijunched 
plates,  280. — Cowper,  E.  A.,  Very  little  apparent  difference  between  large 
bolster  and  small,  280. — Cowper,  0.  E.,  Enquired  effect  of  narrowing  test 
strips  to  a  waist,  280. — Fletcher,  L.  E.,  Narrowing  would  give  better 
result,  282. — Cowper,  E.  A.,  Confirmation  from  experiment,  282. — Willis, 
E.  H.,  Experiments  on  tenacity  of  screwed  bolts,  282. — Unwin,  W.  C,  Size 
of  specimens  has  very  little  influence  on  results,  283 ;  gain  of  strength  in 
drilled  and  punched  plates,  283 ;  probably  due  to  diminished  contraction  of 
area,  284 ;  bearing  pressure  may  be  neglected  in  designing  riveted  joints, 
285. — Cowper,  E.  A.,  Early  commencement  of  permanent  set  not  serious, 
285 ;  injury  to  boiler  plates  by  bending,  285 ;  smallness  of  friction  iu 
.shearing  apparatus,  286 ;  testing  machines  at  Barrow  Steel  Works  and  at 
University  College,  286;  measurement  of  extensions  by  reflection  from 
mirror,  286. — Kennedy,  A.  B.  W.,  Difference  between  results  with  steel 
jomts,  and  actual  proportions  of  iron  joints,  287 ;  chief  inferences  from 
experiments,  287 ;  single-riveted  joint  in  thick  steel  plate  will  be  no 
stronger  than  in  iron,  288 ;  very  early  commencement  of  permanent  set, 
288 ;  difference  between  ordinary  iron  boiler-plate  and  mild  steel,  289  ; 
friction  in  shearing  apparatus  for  rivets,  289 ;  modulus  of  elasticity  is 
constant  under  varying  strains,  290 ;  correspondence  between  permanent  set 
in  steel  and  in  very  ductile  ii'on,  290 ;  determination  of  limit  of  elasticitj', 
290;  difference  in  fractured  areas  is  not  cause  of  difference  between 
perforated  and  unperforated  plates,  291. 

EiVETiNG,  Table  showing  rules  of  practice  used  by  various  manufacturers  for 
Iron  Ei voted  Joints,  compiled  by  E.  H.  Tweddell,  1881,  293-299.— Single- 
riveted  lap-joints,  293-295. — Double-riveted  lap-joints,  296-299. 

ElVETiNG,  First  Report  to  the  Council  of  the  Committee  on  the  form  of  Eiveted 
Joints,  W.  C.  Unwin  reporter,  1881,  301.— Table  of  contents,  301.— 
Eeporter's  preface,  302. — List  of  memoirs  consulted,  303. — History  of 
experiments  on  riveting,  305. — Straining  action  on  riveted  joints,  317.~ 
Apparent  tenacity  of  material,  318. — Tenacity  of  iron  and  steel  plates,  321. 
—  Apparent  tenacity  of  punched  and  diilled  plates,  321.  —  Apparent 
tenacity  of  annealed  and  riraered  plates,  325.  —  Apparent  shearing 
resistance  of  rivet  iron  and  steel,  325. — Friction  of  riveted  plates,  327. — 
Pressure  on  bearing  surface  of  rivet,  329. — Pin  connections,  333. — Diameter 
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of  rivets,  334.— Overlap,  and  distance  from  rivet  to  edge,  336.— Experiments 

on  riveted  joints,  338.— Single-riveted  lap-joints  of  iron,  339. — Single- 
riveted  butt-joints  of  iron,  343.— Double-riveted  lap  and  butt  joints  of 
iron,  345. — Shearing  resistance  of  iron  and  steel  rivets  in  steel  plates,  348. 
— Tearing  resistance  of  steel  lap-joints,  351.— Tearing  resistance  of  steel 
butt  joints,  355. — Appendix  I,  bending  action  on  thick  plates  in  joints, 
357. — Appendix  II,  suggestions  for  experiments  on  riveted  joints,  3G0; 
tenacity  of  plates,  361;  shearing  resistance  of  rivet  steel,  362;  precautions 
suggested  by  previous  experiments,  362 ;  influence  of  mode  of  making 
rivet  holes,  363 ;  influence  of  crushing  pressure,  365 ;  influence  of  ^bending 
action,  367. 

EiVETiXG,  Report  on  further  experiments  on  Riveted  Joints,  Series  IX,  by 
A.  B.  W.  Kennedy,  1881,  712.— Description  of  f-in.  steel  joints,  712.— 
Summary  of  results  of  testing,  713. — Joints  cut  across  the  plates,  715. — 
Slipping  in  testing,  715. — Difl'erent  proportions  necessary  for  iron  and 
steel  joints,  716. — Impossible  to  break  steel  joints  in  boilers,  716. — Eesults 
of  experunents,  Tables  XXVI  and  XXVII,  717-719. 

RiVETiXG,  Memorandum  of  experiments  on  Lap-Joints,  with  Rivets  of  different 
sizes,  by  R.  V.  J.  Knight,  1881,  720. 

RiVETixG,  Results  of  experimental  research  in  1881  upon  Riveted  Joints,  1882, 
19. — Remarks  on  ditto  by  E.  A.  Cowper,  31. 

Riveting,  Report  of  experiments  on  Riveted  Joints  with  high  bearing  pressures. 
Series  X,  by  A.  B.  W.  Kennedy,  1882,  138.— Object  of  experiments,  138. 
—Testing  of  J-in.  steel  joints,  139.— Testing  of  ^in.  steel  joints,  140.— 
Slipping  of  joints  at  very  low  loads,  141. — Conclusions,  141. — Practical 
limit  for  bearing  pressure,  142.— Results  of  experiments,  Table  XXVIII, 
143. 

RiVETiKG,  Hydkaulic,  1874, 166,  167,  168,  176,  179,  191,  201. 

Riveting  Machines,  Steam,  Tweddell's  Hydraulic,  MacCoU's  Power,  1879,  271. 
See  Iron  and  Steel  for  Boilers. 

ErvETS,  Steel,  1878,  223,  230.    See  Steel  Boiler  Experiments. 

RixoM,  A.  J.,  elected  ]Member,  1879,  398. 

EoANHEAD  Ikon  Mine,  visited  at  Barrow  meeting,  1880,  485. 

RoATH  Dock,  Cardifi",  1884,  227. 

Roberts,  T.  H.,  elected  Member,  1879,  398. 

Roberts,  W.  Chandler,  Iron  and  Steel,  Physical  condition  of,  1884,  55. 

Steel,  Hardening  &c.,  Memorandum  on  results  of  experiments  on  Steel, 

■svith  reference  to  Occluded  Gases,  1881,  706. 
Zinc  Manufacture  in  Belgium,  1883,  364. 

Robertson,  D.,  elected  Member,  1879,  398. 

Robertson,  W.,  elected  Member,  1879,  583. 
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EoBiNS,  E.,  elected  Member,  1883,  33. 
EoBiNSON,  H.,  elected  Member,  1874,  256. 

Compressed-Air  Machinery,  1874,  217. 
EoBiNSON,  J.,  elected  Vice-President,  1874,  26.— 1875,  34.— 1876,  26.— Member 
of  Council,  1877,  25.— President,  1878,  28.— 1879,  36. 

Accidents,  Mine,  Mechanical  Appliances  for,  1877,  336. 

Addresses,  Presidential,  1878,  295.-1879,  399. 

Armour,  Construction  of,  1879,  69,  73,  83. 

Axlebox,  Eadial,  1877,  309. 

Board  of  Trade,  resolution  respecting  action  of,  1878,  563. 

Boiler,  Lancashire,  1876, 114. 

Brakes,  Automatic  Action,  1880,  150. 

Brakes,  Continuous,  for  railway  trains,  1878,  99,  105. 

Brakes,  Effect  of,  upon  railway  trains,  1878,  479,  488,  489.  616,  631.— 
1879,  51,  217. 

Chuck,  Electro-Magnetic,  1875,  42. 

Constitution  of  Institution,  1878,  41,  42. — Incorporation  of,  187S,  557. 

Council,  Annual  Eeport,  1879,  34.— 1880,  23. 

Cutting  of  Metals,  1883,  259. 

Disintegrator,  Vapart,  1878,  503. 

Dock,  Victoria  Floating,  1878,  182. 

Dredger,  Vertical-action,  1879,  562. 

Drilling  Machines  for  Boiler  Work,  1878,  588. 

Electric  Lighting,  1878,  544.-1879,  264. 

Expansion  Gear,  Correy,  1878,  523,  527. 

Flow  of  Solids,  1878,  328. 

Forging  of  Crank  Shafts,  1879,  481. 

Friction  Experiments,  1883,  654. 

Gauge,  Eailway,  1875,  85. 

Glasgow  meeting,  reply  to  Lord  Provost's  welcome,  1879,  397. 

Governors,  1879,  421. 

Heslop  Engine,  1879,  94,  95. 

Hydi-aulic  Machinery,  Toulon,  1878,  377,  378,  379,  381,  382,  385,  386. 

Injector,  Automatic,  1884,  171. 

Iron  and  Steel  for  Boilers,  1879,  326. 

Library,  1878,  564.— 1879,  34. 

Locomotives,  Compound,  1879,  363. 

Locomotives,  Francq's  Fireless,  for  Tramways,  1879,  639. 

Locomotives,  Fuel  Consumption,  1884,  103,  110,  116. 

Members,  Honorary  Life,  1878,  564.— Life,  1879,  41,  43,  46. 

Paris  Exhibition,  1878,  557. 

Penn,  decease  of  Mr.  Penn,  1878,  557. 
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Power  Transmission  by  Eopes,  1874,  68. 

Premiums  and  Diplomas,  1878,  44. 

President,  on  election  as,  1878,  32,  3i.— Addresses,  1878,  295 ;  1879,  399. 
—On  retii-ing,  1880,  25,  27.  On  President's  address,  1880,  322.  On 
President's  illness,  1884,  411. 

Pressui-e-Intensifying  Apparatus,  1878,  55,  60,  G5. 

Proceedings,  purchase  of,  1879,  156. 

Pump,  Greindl  Eotary,  1878,  465. 

Eailway  Traffic,  Cost  of,  1878,  206,  211,  213,  215. 

Eailway  Working,  Economy  of,  1879,  151. 

Eaising  of  wreck  "  Edith,"  1878,  127,  130. 

Eesearch,  Mechanical,  1878,  563.— 1879,  47,  49. 

Rules,  1874,  29,  257.— 1875,  36.— 1877,  36.— 1878,  560.— 1879,  40.— 1880, 
33,  35.— 1884,  412. 

Safety  Lamps,  1879,  237. 

Screw  Propellers,  1879,  609. 

Secretary,  Vote  to  late,  1878,  108,  112. — Appointment  of,  1884,  78. 

Steam-ship  "  City  of  Eome,"  1880,  351,  355. 

Steel  Boiler  Experiments,  1878,  267,  270. 

Steel,  Chernoff's  papers,  1880,  238,  239,  243. 

Tramways,  Mechanical  Traction,  1878,  423,  425,  426. 

Tramways,  Permanent  Way,  1880,  208,  219. 

Transport,  Presidential  Address  on  cheap  internal  transport,  1879,  399. 

Treasurer,  appointment  of  new,  and  sei-vices  of  late,  1878,  560. 

Valve-Gear,  Joy's,  1880,  439. 

Water  Meter,  Barton  and  West's,  1879,  454,  455. 

Water-Power  Engines,  1879,  493. 

Water -Pressure  Eegulators,  1879,  443. 
EoBCfSON,  J.  (Eochdale),  decease,  1878,  21. — Memoir,  13. 
EoBiNSON,  J.  F.,  elected  Member,  1878,  293. 
EoBiusoN,  J.  S.,  elected  Member,  1876,  28. 
EoBiNsox,  T.  N.,  elected  Member,  1878,  31. 

Wood-Working  Machinery,  Paper  on  Wood-Working  Machinery,   1875, 
248.  -Remarks,  258,  265,  266. 
Eock-Deill,  Diamond,  Paper  on   Rock  Boring  by  the   Diamond   Drill,  and 

recent  applications  of  the  process,  by  Major  Beaumont,  1875,  92. — Extreme 

hardness  of  diamond,  92. — Acts  by  abrasion,  not  bv  cutting,  93. — Black 

diamond  or  carbonate  preferable  to  crystallised  diamond  for  boring,  94. — 

Diamond  much  more  effective  than  steel  tools  for  boring  rocks,  94. — 

Construction  of  diamond  boring  tools,  95. — Means  of  applying  pressure 

upon  drill,  96. — Prospecting  machines  for  putting  down  exploring  holes, 
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96. — Speed  and  depths  of  boring  efiected,  98. — Tunnel-driving  machine, 
100. — Shaft-sinking  machinery,  101. — Application  to  driving  headings, 
102. — Comparison  of  diamond  drill  and  percussive  diills,  103. — Special 
advantage  of  diamond  drill  in  shaft-sinking,  103. — Subaqueous  boring 
machiueiy,  104. — Results  of  vrorkiug,  105. — Arrangement  for  putting 
down  large  bore-holes  in  deep  vrater,  106. 

Discussion.  —  Beaumont,  Major,  Proposed  use  of  diamond  drill  for 
removing  Daunt's  rock,  108. — Homersham,  S.  C,  Boring  at  Middlesbrough 
through  rock  salt  with  percussive  drill,  109. — Cochrane,  C,  Difficulties 
in  piercing  pebble  bed  with  diamond  drill.  111.  —  Shoolbred,  J.  N., 
Tunnel -dri^"ing  with  percussive  drill  at  Severn  Tunnel,  111. — Cowper, 
E.  A.,  Difficulties  in  passing  through  soft  or  soluble  strata,  112. — Siemens, 
C.  W.,  Action  of  diamond  by  absolute  crushing  with  very  great  pressure, 
112. — Thorneycroft,  J.  T.,  Difficulties  in  loose  strata  could  probably  be 
overcome  by  use  of  lining  tube,  113. — Tweddell,  R.  H.,  Pressure  upon 
drill,  113. — Beaumont,  Major,  Percussive  boring  machine,  113 ;  diamond 
driU  superior  for  speed  and  for  evidence  of  the  strata,  115  ;  special  means 
of  boring  through  pebble  beds,  117;  special  undercutting  tool,  117  ; 
special  lining  tubes.  118;  speed  of  boring  with  diamond  drill  ia  hard 
limestone,  118 ;  diamond  diill  better  than  percussive  drill  for  deep  boring, 
but  not  for  moderate  depths,  118 ;  lining  tubes  for  boring  through  soft 
strata,  119 ;  high  speed  of  drill  under  low  pressure  not  found  to  answer, 
120;  means  of  withdrawing  core  from  bore-hole,  121. — Siemens,  C.  "W., 
Pressure  on  diamond  per  square  inch,  122  ;  black  diamond  extremely 
hard  and  tough,  123. — Appleby,  C.  J.,  Experiments  on  very  high  speed 
of  drill,  123. — Bramwell,  F.  J.,  Great  progress  made  in  application  of 
diamond  drUl,  124 ;  best  boring  tool  for  great  depths,  and  for  obtaining 
cores  of  the  rock  bored  tlu-ough,  124 ;  diamond  tool  used  successfully  for 
dressing  millstones,  125. 

Eo<:e-Drilling  Machixert,  Paper  on  Eock-DrUling  Machinery,  by  T.  B. 
Jordan,  1874,  77. — Requisites  for  rock-drilling  machines,  77. — Sachs  rock 
drill  used  in  Germany,  77. — Complicated  construction  of  drilling  machines, 
78. — Darlington's  rock  drUl,  79. — Piston  made  to  do  the  work  of  a  valve, 
80. — Contrivance  for  rotating  the  drill,  81. — Piston  without  any  packing, 
81.— Method  of  fixing  the  tool,  82.— Means  of  advancing  the  drill,  83.— 
Jordan's  stand  for  fixing  the  machine,  83. — Stand  easily  moved  and 
refixtd.  84. — Saving  of  time  effected  by  mechanical  drilling,  85. — Use  of 
dynamite.  So. — Arrangement  of  drilling  machine  for  sinking  large  shafts, 
85. — Machines  for  compressing  air,  different  constructions,  86. — Direct 
pressure  of  column  of  water,  S(3. — Compressing  piston  with  water  chamber 
at  each  end  of  cylinder,  87. — Dry  cylinder  and  piston,  87. — Water-jacketed 
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compressing  pump  with  injection  of  water,  SS. — Jordan's  air-compressing 
pump,  88.  — •  Advantages  of  mechanical  power  in  mining  operations 
underground,  89. — Eesult  of  Sachs  machines  working  at  Mechemich,  90. 
— Comparative  cost  of  hand  labour,  91. — Saving  in  cost  of  macliine  work, 
91. — Advantages  in  shortening  time  of  sinking  shafts,  91. 

Discussion.  —  Taylor,  J.,  Use  of  Darlington's  rock  drill  for  mining 
operations,  92 ;  dynamite  used  in  mines  in  Portugal,  93 ;  peculiar  effect  of 
dynamite,  force  of  explosion  expended  downwards,  93. — Thomas,  J.  L., 
Holes  required  to  be  bored  in  any  direction  for  taking  advantage  of  jointing 
in  rock,  93. — Coode,  Sir  J.,  Perfection  of  rotating  arrangement  for  drill 
very  important,  other  machines  found  not  satisfactory  in  rotatijn,  93; 
hole  liable  to  become  polygonal  from  defect  in  rotation  of  drill,  94. — 
Jordan,  T.  B.,  Means  for  rotating  drill  in  Darlington's  machine,  94. — 
Westmacott,  P.  G.  B.,  Difficulty  experienced  with  Penrice's  machine  from 
breaking  of  edge  of  tool,  and  abrasion  of  sides,  95 ;  difficulty  removed  by 
holding  tool  against  rock  and  then  striking  end  of  tool,  as  in  hand  work, 
95. —  Tweddell,  E.  H.,  Efficiency  of  air-compressing  pump  affected  by 
high  temperature,  95. — Bramwell,  F.  J.,  Air  taken  by  compressing  pump 
should  be  as  cold  as  possible,  96. — Welch,  E.  J.  C,  Method  of  rendering 
piston  air-tight  without  packing,  96. — Jordan,  T.  B.,  Speed  of  drilling 
holes  in  granite,  96 ;  Sachs  drilling  machine,  details  of  construction, 
large  number  of  separate  parts  requisite  for  working  the  valve,  97 ;  in 
Darlington's  machine,  only  two  parts  requisite  for  reciprocating  action,  98. 
— Bramwell,  F.  J.,  Great  value  of  appliances  for  increasing  the  rate  of 
advance  of  mining  work,  whether  saving  in  cost  or  not,  99 ;  Darlington's 
drill  likely  also  to  effect  great  saving  in  cost,  99 ;  important  advance 
made  in  last  ten  years,  from  Mont  Cenis  tunnel  machine  in  1864,  99. 

Kock-Drillixg  Machtsert,  Paper  on  the  Mechanical  Appliances  used  in  the 
construction  of  the  heading  under  the  Severn  for  the  Severn  Tunnel 
Kail  way,  by  J.  J.  Geach,  1877,  206. — Sounding  apparatus  for  tunnel 
works,  206.— Sinking  of  the  first  shaft,  208.— Kock-drilling  machine,  208. 
— Particulars  of  working,  208. — Means  of  fixing  drill  in  piston-rod,  210. 
— Comparison  of  automatic  and  hand  gear  for  actuating  the  valve,  211. — 
Results  of  working,  211. — Rock-drill  can-iage,  212. — Air-compressors,  213. 
— Injection  of  water  into  air  cylinders,  214. — Pumping  machinery  for 
water,  215. 

Discussion. — Geach,  J.  J.,  Speed  of  drilling,  210. — Froude,  W.,  Quality 
and  hardness  of  steel  for  drills,  217. — Geach,  J.  J.,  Quality  and  temper  of 
drills,  217. — Hawksley,  T.,  Hardness  of  rock  encountered,  217. — Morgans, 
T.,  Pressure  of  compressed  air  obtained,  217. — Cowper,  E.  A.,  Speed  of 
rock-drilling  machines,   217. — Geach,   J.    J.,  Action  of  air-compressor. 


184  R. 

Kock-Dkillixg  Machinery  (continued). 

218 ;  electric  firing  not  successful,  218 ;  number  of  strokes  of  drill  per 
minute  varies,  219 ;  machine  is  rather  a  jumping  than  a  drilling  machine, 
219. 

RocorK,  G.,  Zinc  Manufacture  in  Belgium,  1883,  362,  366. 

EODGEK,  "W.,  elected  Member,  1879,  398. 

EoDRiorES,  J.  M.  DE  C,  elected  Member,  1884,  2. 

EoECKXEK,  C.  H.,  elected  Associate,  1878,  31. 

EoGEKS,  P.  P.,  elected  Graduate,  1881,  164. 

EoGEBSOK,  J.,  Marine  Engine,  1881,  485. 
Ships,  Iron  and  Steel  for,  1881,  562. 

EoLFE,  C.  S.,  elected  Member,  1878, 107. 

EoLLiNG  Machixery  for  Plates,  1880,  82.     See  Plate  Eolluig  Machinery. 

EoxAYXE,  J.  p.,  decease,  1877,  3. — Memoir,  21. 

EooTS'  MiXE  Ventilator,  1877,  92.    See  Ventilator,  Eoots'  Mine. 

EoPE  Geakikg,  Paper  on  Eope  Gearing  for  the  Transmission  of  large  Power  in 
mills  and  factories,  by  J.  Durie,  1876,  372.— Leather  belts  adopted  for 
transmitting  large  power  in  America,  372. — Eope  gearing  given  complete 
satisfaction,  372. — Sizes  of  ropes  employed,  373. — Eight  proportion  between 
diameter  of  ropes  and  of  pulleys,  373. — Mode  of  applying  complete 
system  of  rope  gearing,  373. — Power  transmitted  per  rope,  374. — Form 
of  groove,  374. — Advantage  of  having  more  than  one  rope  for  driving, 
375. — Arrangement  of  rope  gearing  in  Jute  Factory,  Calcutta,  375. — 
Means  for  substituting  rope  gearing  in  place  of  toothed  gearing,  375. — 
Comparison  between  toothed  gearing  and  rope  gearing,  376. — Less 
friction  of  rope  gearing,  377. — Advantage  of  rope  over  belt  gearing,  378. — 
Comparative  sizes  of  ropes  and  belts,  379. — Table  of  experiments  on 
friction  of  ropes  and  leather  belts,  381. 

Discussion. — -Welch,  E.  J.  C,  Eequired  tension  for  ropes  should  be 
correctly  ascertained,  382 ;  most  suitable  angle  for  grooves  in  pulleys, 
382 ;  driving  side  of  rope  to  be  at  bottom  of  pulleys,  383 ;  comparison 
between  rope  and  belt  for  same  power,  383 ;  formulse  for  calculation,  383  ; 
results  of  calculation,  384. — Paget,  A.,  Correct  coefficient  of  friction  not  yet 
obtained,  388  ;  best  angle  for  grooves,  388. — Cowjier,  E.  A.,  Determination 
of  the  power  a  pulley  would  transmit,  389 ;  copper-wire  band  used  for 
moderate  power  where  temperature  varied,  389 ;  steel  bands  in  place  of 
leather  belt.s,  390. — Clay,  W.,  Hide  band  better  than  rope  for  travelling 
crane,  391 ;  objection  to  driving  rolling  mills  by  rope,  391. — Musgrave,  J., 
Mills  at  Calcutta  driven  by  rope  gearing,  391 ;  original  introduction  at 
Belfast,  392. — Inglis,  W.,  Eope  gearing  extensively  used  for  driving 
works,  392. — Head,  J.,  Eope  gearing  not  applicable  to  rolling  mills,  393. 
— Smith,  W.,  Early  employment  of  ropes  for  driving  machinery,  393 ; 
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vibration  of  spur  gearing  avoided,  394;  bearing  of  ropes  in  grooves,  394. 
— Beeley,  T.,  Satisfactory  -working  of  rope  gearing  in  driving  mills,  394. 
— Hulse,  W.  W.,  Eope  gearing  largely  used  both  in  Ireland  and  this 
country,  395. — Eichardson,  W.,  Semicircular  grooves  best  for  ropes,  395 ; 
straps  or  ropes  effect  great  saving  for  driving  quick  speeds  in  rolling 
mills,  396. — Cowper,  E.  A.,  Careful  treatment  of  wire  rope  required  for 
ensuring  durability,  396. — Preston,  F.,  Eope  gearing  considerably  used 
for  driving  machinery,  397 ;  power  transmitted  per  rope,  397 ;  no  serious 
accidents  with  rope  gearing,  and  great  freedom  from  breakage,  398. — 
Musgrave,  J.,  Form  of  grooves  for  pulleys,  398. — Durie,  J.,  Difficulty  of 
ascertaining  correct  coefficient  of  friction,  398  ;  tension  on  rope  in  relation 
to  its  durability,  399 ;  rolling  mills  driven  by  ropes,  399 ;  form  of  rope 
groove  found  satisfactory,  399 ;  splice  in  rope  should  not  increase  its 
diameter,  399. 

EOPES,  Tbaxsmissiox  of  Powee  bt.      See  Power  Transmission  by  Eopes,  1874, 
56. — Eope  Gearing,  1876,  372. — Power  Transmission,  1881,  57. 

Eopes,  tramways  worked  by,  1878,  399.     See  Tramways,  Mechanical  fraction. 

Eope  Works,  Cardiff;  1884,  365. 

EosE,  T.,  decease,  1875,  3. — Memoir,  31. 

Eoss,  J.  A.  G.,  elected  Member,  1874,  27. 

Gauge,  Standard,  for  High  Pressures,  1880,  472. 
Hydraulic  Machinery,  Toulon,  1878,  384,  385. 
Tramways,  Mechanical  Traction,  1878,  428.    / 

Eo3S,  T.  B.,  elected  Member,  1876,  57.— Deceasg/,  1879,  22. — Memoir,  15. 

Boss,  W.,  elected  Member,  1881,  164.  /' 

Eossirs,  M.,  Angleur  Steel  Works,  Descri;ption  of,  1883,  537. 

EoTABY  PoiPixG  ExGrN'E,  beam,  1874./  259. — Horizontal  geared,  260. 

EorN-D  Oak  Iron  Works,  1876,  336,^^ 

EouTH,  W.  P.,  elected  Member.^->(878,  31. 

Eoutledge,  T.,  elected  MemJoer,  1880,  310. 
Jute  Machinery,  l^t^SO,  392. 

Eorx,  P.  S.,  elected  Graa'uate,  1884,  199. 

EowAN,  D.,  Address  of  President,  1879,  404. 

EowAX,  F.  J.,  elected  Member,  1878,  31. 

Eoteks,  G.  a.,  Antwerp,  Notes  on  the  Trade  of,  1883,  557. 

Harboiu' Works,  Paj  jer  on  the  new  Harbour  Works  at  Antwerp,  1883,  494. 

Efles  of  IxsTiTrxiox,  Alte  rations : — 

Additional   meetings,    motion  by  A.  Paget,  1877,  43. — Discussion,  Welch, 

E.  J.  C,  43. — Mot  ion  carried,  43. 
Alterations,  various,  If  579,  38. — 1884,26,  27.    Additional  Bye-Laws,  1879, 
41.— 1880,  31-36. 
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Autumn    meeting  in    Manchester,   motion  by  J.   Eobinson,   1875,  36. — 

Discussion,  Siemens,  C.  W.,  37.— Paget,  A.,  37. — Bramwell,  F.  J.,  37. 

—Wise,  W.  L.,  37.— Motion  carried,  37. 

Dates  for  meetings,  motion  by  A.  Paget,  187C,  28. — Discussion,  Chapman, 

H.,  28.— Motion  carried,  28. 

Diagrams,   Preparation  of,  motion  by   A.   Paget,   1877,   45. — Discussion, 

Chapman,  H.,  46. — Eobinson,  J.,  46. — Cowper,  E.  A.,  46. — Paget,  A., 

46.— Hawksley,  C,  46.— Bramwell,  F.  J.,  47.— Paget,  A.,  47.— Motion 

withdrawn,  47. 

Discussions,  reopening  of,  motion  by  J.  Head  in  absence  of  E.  J.  C.  Welch, 

1880,    33. — Eobinson,   J.,   Amendment  to  motion,  35. — Cochrane,  C, 

Seconded  ditto,  36. — Amendment  carried,  36. 

Hours  for  meetings,  motion  by  A.  Paget,  1877,  43. — Discussion,  Fox,  C.  D., 

43. — Motion  carried,  43. 

Introduction  of  friends    to  meetings,   motion  by  A.   Paget,   1877,  43.  — 

Discussion,  Webb,  F.  W.,  44. — Siemens,  C.  W.,  44.— Tomlinson,  J.,  44. 

.   — Motion  carried,  44. 

"  "^mbership,  proposed  new  Bye-Law,  1879,  41. — Hulse,  W.  W.,  Fifteen 

.    purchase  for  life  membership   should  be  reduced  to  ten,  41. — 

'    J.,  Institution  of  Civil  Engineers  require  sixteen  years',  41. 

'        W.,  Purchase  should  be  at  a  rate  to  make  it  acceptable, 
42. — Williams 

'  "H.  P.,  Purchase  money  should  be  value  of  reversion, 
42. — Fletcher    H 

'      ■    \.,  Ten  years'  purchase  has  not  induced  many  to 

become  life  members,  i2._Eavenhill,  J.  E.,  Average  age  of  members 

when  admitted,  43. — Eobj-  t     xt  e  t  •   •       ^u-     ao 

,    J.     J->''J"i-^soii^  j^  jq-Q  means  of  ascertaimng  this.  43. 

—Paget,  A.,  Not  desirable  to  ^.^^^  jifg  membership  too  cheap,  43 ;  proper 

way  to  calculate  payment  at  ^„e  of   youngest  member  who  could 

compound,  43.-WilIiams,  E.  P.,  Que.,tion  is  simply  an  actuarial  one,  44. 

Hawksley,  T.,  Amendment  that  com^r^ounding  be  discontinued,  44.— 

Paget,  A.,  Seconded  amendment,  45.-Hu:lse,  W.  W.,  What  objections 

to  compounding,  45.-Hawksley,  T.,  Impossible  to  take  account  of  all 

circumstances,  45.-Eobinson,  J.,  Better  not  to  ha  ,ve  life  members,  46.- 

Ameudment  carried,  46. 

Meetings  to  be  held  in  London,  motion  by  A.  Paget,  ^  1874,  'i^. -Discussion, 

Jeffieys,  E.,  29.-Eobinson,  J.,  29.-Brown,  A.  B  .,  30.-Wise,  W.  L.,  30. 

-Lloyd,  S.,  30.-Paget,  A.,  30.-Siemens,  C'    W.,  30.-Hulse,  W.  W., 

3I._Bennett,  P.  D.,  31.-Cowper.  E.  A.,  31.-  -Walker,  C.  C,  31.- 

Hawksley,  T.,  32.-Paget,  A.,  32.-Cochrane,  C. .  32.-Motion  carried,  32. 

Membership,  Certificates  of,  1878,  44,  114,  562. 

Notices  of  motions,  1875,  315.-1S76.  349.-1877,  3t  01,  302.-187S,  560.  562. 
— ia^585,  587.— 1883,  596.— 1884,  412,  413. 
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Kri.E<  OF  IxsTiTTTiox,  Alterations  (contdnued). 

Opening  of  ballot  papers,  motion  by  A.  Paget,  1S76,  29.  —  Discussion. 
Bramwell,  F.  J.,  29.— Motion  carried,  29. 

Papers,  Eeading  of,  motion  by  A.  Paget,  1877,  4:4. — Discussion,  Hawksley,. 
T.,  44.— Marsliall,  A.,  44.— Motion  carried,  44. 

Papers,  Premiums  for,  1878,  43,  114,  564. 

Papers,  supply  of  preliminary  copies  of  papers,  and  re-opening  of  discussions, 
motions  by  J.  Head  in  absence  of  E.  J.  C.  "Welch,  1880,  33. — Head, 
Jeremiah,  Moved  motions  for  sake  of  discussion  only,  33. — ^Paget,  A., 
Seconded  motions  for  same  reason,  33. — Eobinson,  J.,  Amendment  [to 
first  motion,  33. — Cramptou,  T.  E.,  Seconded  ditto,  34. — Adamson,  D., 
Both  motion  and  amendment  undesirable,  34. — Cochrane.  C,  Amendment 
only  confu-ms  present  practice,  34. — TweddeU,  E.  H.,  Supported  Mi-. 
Adamson.  35. — Hulse,  "W.  W.,  PreUminary  copies  of  papers  might  be  sent 
to  all  members,  35. — Cowper,  E.  A.,  Proposal  renders  legal  what  is  already 
done,  35. — Amendment  carried,  35. — Eobinson,  J.,  Amendment  to  second 
motion,  35. — Cochrane,  C,  Seconded  ditto,  36. — Amendment  carried,  36. 

Polling  on  challenged  vote,  and  voting  by  proxy,  1878,  35. — Williams,  E.  P .. 
Eesolution  respecting  polling  on  challenged  vote,  35. — Paget,  A.. 
Seconded  resolution,  35. — Adamson,  D.,  Amendment  to  allow  of  voting 
by  prosy.  35. — Cowper,  E,  A.,  Members  ought  to  have  sufficient  interest 
in  Institution  to  attend  personally,  36 ;  mistake  to  be  constantly  altering 
the  rules,  37. — Head,  Jeremiah,  Proxies  give  permission  to  stay  away, 
37.  —  Crampton,  T.  E.,  Question  of  proxies  requires  to  be  quietly 
considered,  38. — Bell,  I.  L.,  Voting  by  proxy  should  not  be  admitted, 
38. — Menelaus,  W.,  Alteration  of  rules  should  be  made  by  members 
attending  the  meetings,  39. — ^Williams,  E.  P.,  Voting  by  proxy  produces 
serious  evils,  39;  proposed  rule  is  only  contemplated  to  be  brought  into 
oi)eration  in  emergencies,  40. — Adamson,  D.,  Distant  members  should 
have  power  to  entrust  their  vote  to  another  member,  40. — Amendment 
lost,  40. — Eesolution  also  lost,  40. 

Kemoval  of  Institution  to  London,  motion  by  A.  Paget,  1876,  29. — 
Discussion,  Piatt,  J.,  29.— "Wright,  J.,  29.— "Wise,  "W.  L.,  30.— Siemens, 
C.  W.,  30.— Cowper,  E.  A.,  30.— Bramwell,  F.  J.,  30.— Head,  J.,  31.— 
TweddeU.  E.H.,  31.— Bennett,  P.D.,  31.— Cochrane,  C,  31.— Paget,  A., 
31.— Hawtsley,  T.,  32.— Motion  withdrawn,  32. 

Motion  by  C.  Cochrane,  1877,  2Q.— Discussion,  Carbutt,  E.  H., 
Attendances  at  the  coimtry  and  the  London  meetings,  27 ;  number  of 
Members  in  different  districts,  27 ;  removal  to  London  would  greatly 
increase  importance  of  Institution,  28 ;  convenient  railway  access  to 
London,  28. — Adams,  "W.  A.,  Not  a  London  but  a  country  Institution,  29  ; 
objectionable  to  remove  to  London,  29. — Bennett,  P.  D.,  Essentially  a 
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national  provincial  Institution,  30;  removal  to  London  injurious,  30 ; 
advantage  of  being  established  in  the  provinces,  31. — "Williams,  K. 
Price,  Institution  would  benefit  by  going  to  London,  32. — Bramwell, 
F.  J.,  Not  any  advantage  in  removing  seat  of  government  to  London, 
32.  — Plum,  T.  W.,  Locality  of  offices  a  matter  of  minor  importance,  34. 
— Hulse,  "W.  "W.,  London  the  best  place  for  Institution,  35. — Eobinson, 
J.,  Objections  to  removal  to  London,  36. — Piapier,  E.  C,  Most 
convenient  and  advisable  to  remove  to  London,  37. — Head,  J.,  Offices  of 
Institution  should  be  in  London,  38. — Cowper,  E.  A.,  Institution  was 
not  started  as  a  provincial  institution,  39  ;  London  the  proper  place  for 
such  an  institution,  -40. — Siemens,  C.  W.,  Enquirj'  into  the  question, 
41 ;  advantageous  for  Institution  to  be  in  London,  42. — Hawksley,  T., 
Motion  canned,  42. 
Reports  of  discussions  and  jmpers  read,  1875,  37. — 1876,  32. — 1877,  44. 
Secretary-,  Bye-Law  relating  to,  1879,  39,  40.— Duties,  1884,  26.— Secretary 

to  devote  his  whole  time  to  Institution,  1884,  27. 
Transference  of  Graduates  or  Associates  to  Members,  1880,  31, 
Treasurership,  alteration  respecting,  1878,  34. — Bye-Law  relating  to,  1879, 
39,  40. 

EoiBLE,  T.  "U'.,  decease,  1884,  3. — Memou-,  07. 

ErxxLSG  Shed,  Locomotive,  1SS4,  243.    See  Locomotive  Eunuing  Shed. 

EussELL,  Hon.  W.,  elected  Member,  1878,  293. 

RrssELL's  Tube  Works,  Wednesbury,  1876,  339. 

EcTHEKFOED,  G.,  elected  Member,  1884,  80. 

EuTTEE,  E.,  elected  Member,  1877,  165. 

Etdek,  G.,  elected  Member,  1883,  310. 

Eye,  W.,  Engines,  AVinding,  Direct-Acting,  1875,  235. 


s. 

Sachs  Eock-Deillixg  3Iachise,  1874,  77,  90,  97. 

Sacbe,  C,  Brakes,  Eflect  of,  upon  railway  trains,  1878,  621. 

Sacbe,  E.  a.,  decease,  1882,  17.— Memoir,  11. 

Sadoixe,  E.,  elected  Member,  1883,  310. 

Cockerill,  Addresses  of  welcome  to  members  visiting  Works  of  the  Society 
Cockerill,  1883,  511,  512. — Description  of  Works,  519. 

Safety  Lasits,  Paper  on  the  Construction  and  Comparative  Merits  of  the  Safety 
Lamps  generally  in  use,  by  A.  C.  Bagot,  1879,  219. — Davy  lamp,  219. — 
Clanny  lamp,  221. —  Stephenson   lamp,  221.  —  Mueseler  lam^i,  222.— 
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Safety  Lamps  (continued). 

Williamson  lamp,  223. — Essential  qualifications  of  a  good  safety  lamp. 
224. — Kecent  experiments  on  the  stability  of  various  safety  lamps,  225. — 
Toughened  glass  unfit  for  safety  lamps,  226. — Method  to  be  adopted  when 
the  gas  has  fired  inside  the  gauze,  227. — Means  for  testing  lamps  before 
supplying  to  the  colliers,  228. 

Discussion. — Hopkinson,  J.,  Use  of  electric  light  in  coal  mines,  229. — 
Adamson,  D.,  Safety  lamp,  though  a  simple  instniment,  is  of  great  interest 
and  importance  to  engineers,  229  ;  danger  of  coal  dust,  230 ;  protection  by 
gauze  only  is  not  complete,  230  ;  proper  method  of  managing  lamp-room, 
231. — Cowper,  E.  A.,  E.xplosive  mixture  of  coal  dust  and  air  ought  to  be 
tried  as  an  element  of  danger,  231. — Crampton,  T.  E.,  Best  means  of 
making  cheap  gas,  231. — Bagot,  A.  C,  Objections  to  electric  light  for  mince, 
232 ;  danger  of  miner  carrying  two  lamps,  234 ;  shield  outside  gauze  is 
better  than  glass,  234 ;  no  fear  of  explosion  from  coal  dust  with  ordinary 
care,  235 ;  watering  of  dry  collieries  is  very  important,  235  ;  cost  and  use 
of  apparatus  for  testing  gas,  235. — Webb,  F.  W.,  Very  small  spark  of 
electricity  will  ignite  gas,  236  ;  bad  results  of  toughened  glass,  233. — 
Cowper,  E.  A.,  Coal  dust  might  pass  through  gauze  at  white  heat  and 
cause  explosion,  236 ;  difficulty  of  getting  electric  light  down  a  pit  is  not 
insuperable,  236. — Olrick,  L.,  Lamp  with  portable  reservoir  of  compressed 
air  for  preventing  explosions,  237. — Robinson,  J.,  Subject  of  great 
importance  for  saving  of  human  life,  237. 

Safety  Valves.    See  Valves,  Safety,  1877,  176.     See  also  1876,  74,  102,  111. 

Sasipsox,  J.  L.,  elected  Member,  1874,  101. 

Saituel,  J.,  decease,  1875,  3. — Memoii-,  31. 

Sajicelsox,  a.,  decease,  1874,  2. — Memoir.  24. 

Sajivelsox,  B.,  elected  Member  of  Covmcil,  1863,  53. 
Coke  Manufacture,  1883,  291. 

SAMrEi.sO-V.  E.,  elected  Member,  1881,  164. 

Hariesting  Machinery,   Paper  on  Han'esting  Machinery,    1881,    34. — 
Eemarks,  52,  54. 

Sa^'chez,  J.  E.,  elected  Graduate,  1882,  146. 

Sanders,  H.  C,  elected  Member,  1881,  409. 

Sanders,  E.  D.,  Brakes,  Paper  on  Continuous  Brakes  for  railway  trains,  1878,  67. 
—Eemarks,  81,  84,  100. 
Brakes,  Efiect  of,  upon  railway  trains,  1S79,  204. 
Brakes,  Automatic  Action,  1880,  113-117. 

Sanders'  Aetomatic  Vactoi  Brake,  1877,  298. 

Sandhasi,  H.,  elected  Associate,  1883,  180. 

Sandifobd,  C,  elected  Member,  1881,  9. 

Sand  Pcmp,  for  sinking  mine  shafts  througli  sand. — Gill's,  1880,  485. — Mather 
and  Piatt's,  ISSO,  485,  487. 
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Saxdscale  Mining  Co.'s  new  slaking,  visited  at  Barrow  meeting,  1880,  485. 

Sandwell  Colliery,  1876,  330.— 1882,  37G. 

SatjTee,  a.,  elected  Member,  1874,  101. 

Savill,  a.  S.,  Injector,  Paper  on  the  Automatic  and  Exhaust-Steam  Injector, 
1884,  167.— Eemarks,  183,  186,  187. 

Saw,  Direct-Acting  Circular,  Paper  on  a  Direct-Acting  Circular  Saw  for 
cutting  steel  hot,  by  F.  "W.  Webb,  1875,  126. — Original  saw  used  at 
Crewe,  126. — DifiBculties  of  "stalling"  removed  by  direct  application  of 
Brotherhood  three-cylinder  engine,  126. — Special  loose  coupling  to  saw 
shaft,  127.— Results  in  cutting  steel  ingots,  128. — Advantages  of  large  saw 
in  cutting  out  steel  forgings,  128. 

Discussio7i. — Webb,  F.  W.,  Improvements  in  manufacture  of  crank  axles, 
129. — Brotherhood,  P.,  Three-cylinder  engine,  freedom  irom  repairs,  130  ; 
packing  for  engine  piston,  130 ;  saw  and  engine  mounted  on  travelling 
frame  for  cutting  steel  rails,  130. — Webb,  F.  W.,  Duration  of  Eamsbottom 
packing  rings  in  locomotives,  130. — Williams,  E.  P.,  Aj)plication  of  saw  to 
improve  construction  of  railway  crossings,  131. — Tweddell,  E.  H.,  Steel 
rails  cut  by  a  plain  disc  without  teeth,  132 ;  packing  not  required  for 
pistons  with  the  high  speed  of  engine,  132. — Olrick,  L.,  Amount  of  power 
saved  by  driving  saw  direct,  132. — Webb,  F.  W.,  Dii-ect-acting  mode  of 
driving  safer  than  driving  through  gearing,  132. 

Sawyer,  F.  H.  E.,  elected  Member,  1882,  146. 

Saxby,  J.,  elected  Member,  1880,  9. 

Saxon,  G.,  elected  Member,  1875,  315. — Decease,  1880,  10. — Memoir,  8. 

ScHAFFHjv.rsEN,  Water-Powcr  Machinery,  1874,  60,  72. 

Schneider,  H.  W.,  Mines,  Furness  Iron,  1880,  372,  377. 

ScHOFiELD,  C.  J.,  elected  Associate,  1875,  315. 

ScHuNHEYDER,  W.,  elected  Member,  1883,  33. 

Cold  Air,  Machines  for  producing,  1881,  125,  130. 

Engine  Eecorder,  1884,  160. 

Injector,  Automatic,  1884,  182. 

Locomotive,  Brown's  Tramway,  1880,  63. 

Locomotives,  Compound,  1879,  358,  361. 

Power  Transmission,  1881,  94. 

Eiveted  Joints,  1881,  268,  279, 

Steel,  Tempered,  Molecular  Eigidity  of,  1883,  91. 

Xiamways,  Permanent  Way,  1880,  220. 

Water  Meters,  1882,  88. 

SCHRAM,  E.,  elected  Member,  1880,  310. 

ScLESsiN  Iron  Works,  visited  at  Summer  meeting,  Belgium,  1883,  513. — 
Description  of  Works,  535. 

Scott,  C.  H.,  elected  Graduate,  1882,  16. 

Scott,  D.,  elected  Member,  1876,  57. 
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Scott,  E.,  elected  Graduate,  1881,  409. 

Scott,  F.  "W.,  elected  Member,  1875,  36. 

Scott,  G.  I.,  elected  Member,  1881,  624. 

Scott,  I.  M.,  elected  Member,  1877,  26. 

Scott,  Jajies,  elected  Member.  1881,  409. 

Scott,  John,  elected  Member,  1884,  199. 

Scott-Moxcrieff,  W.  D.,  elected  Member,  1884,  2. 

Compressed  -  Air  Engines  for  Tramways,    Paper    on  Compressed  -  Air 
Engines  for  Tramways,  1881,  649.— Remarks,  664,  G76. 

Sceew-Bkake  for  railway  trains,  1878,  68,  89,  90.    See  Brakes. 

Sckew-Beake,  Automatic,  1882,  500.    See  Brake. 

Screw  Propeller,  Paper  on  the  loss  of  power  in  the  Screw  Propeller,  and  the 
means  of  improving  its  eflSciency,  by  Hon.  E.  C.  Parsons,  1879,  588. — 
Principles  which  affect  action  of  propeller,  588. — Causes  of  rotation  of 
water  in  wake  of  propeller,  589. — Eigg's  propeller,  with  guide-blades 
abaft,  589. — Preliminary  trials  with  model  of  improved  propeller,  590. — 
Construction  of  full-size  propeller  &c.,  590. — Loss  due  to  skin  friction 
on  propeller-blades  of  Lord  Clyde,  592. — Savmg  by  new  arrangement,  594. 
— Eeduction  of  thrust  upon  thrust-block,  due  to  application  of  guide- 
blades,  594. — Experiments  on  steamer  Louise,  595. — Eelative  efficiencies 
of  ordinary  and  of  guide-blade  propeller,  596. — Ditto  with  semi-cylindrical 
casing,  596. — Mode  of  designing  angles  of  guide-blades  and  propeller- 
blades,  597. — Advantages  and  essential  features  of  new  arrangement,  597. 
— Mode  of  construction,  598. — Eequirements  for  future  improvements, 
598. 

Discussion. — Parsons,  Hon.  E.  C,  Present  state  of  question,  599 ;  forward 
thrust  from  guide-blades  is  iu  excess  of  di-ag  due  to  friction,  600 ;  increased 
efficiency  due  to  reduction  in  speed  of  revolution,  601 ;  distance  between 
propeller-blades  and  guide-blades,  602. — Anderson,  W.,  Eelation  of  screw- 
propeller  to  turbine,  602;  difficulty  in  experiments  on  steamer  Louise, 
603 ;  comparative  friction  of  propeller-blades  and  of  water  in  pipes,  603. — 
Eeynolds,  O.,  Obliquity  of  guide-blade  to  propeller-blade  seems  very 
gi'cat,  604. — Parsons,  Hon.  E.  C,  Description  of  mode  in  which  these 
angles  were  fixed,  604. — Reynolds,  O.,  Old  screw  on  steamer  Louise  badly 
designed,  605 ;  forward  motion  of  casing  in  model  might  be  due  to 
tapering  shape,  606 ;  loss  of  efficiency  with  larger  propellers  might  be 
due  to  stream-line  motion,  606. — Anderson,  W.,  Eeason  for  design  of  old 
propeller  for  Louise,  606. — Cowper,  E.  A.,  Value  of  increasing  pitch  for 
propeller-blades,  607 ;  experiment  should  be  made  with  same  horse-power 
for  new  as  for  old  screw,  607. — Walton,  J.,  Was  new  screw  tiied  without 
a  casing,  607. — Parsons,  Hon.  E.  C,  New  propeller  always  fitted  with 
casing,  607  ;  prevention  of  air  from  being  drawn  down  into  water,  608  ; 
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propellers  with  constant  pitch  now  in  favour,  60S :  forward  motion  of 
casing  the  same  when  cylindrical,  608. — Robinson,  J.,  Three  arrangements 
involved  in  new  propeller  should  be  tried  separately,  600. 

Screw  Propeller,  Miers'  cofferdam  for  removing,  1878,  179. 

Screw    Propellers.      Griffith's,   1879,    608.      Hirsch's,  60S.      Imray's,  608. 
Parsons',  588.     Rigg's,  589. 

Screw  Works,  Nettlefolds',  1876,  327. 

Scriven's  Eadl^l  Multiple  Drill,  1878,  577. 

Seabrooke,  a.  W.,  elected  Member,  1882,  255. 

Seaton,  a.  E.,  elected  Member,  1882,  476. 

Secretary,  Nomination  of,  1877,  302. 

Vote  to  late  Secretary,  Mr.  William  P.  Marshall,  1878,  20,  27,  108. 

Discussion.  —  Eobinson,  J.,  Resolution  to  vote  £3000;  1878,  108.  — 
Williams,  R,  P.,  Was  offer  made  of  increased  salaiy  on  removal  to  London, 
109. — Eobinson,  J.,  Increase  was  offered  to  a  small  extent,  109. — Bramwell, 
F.  J.,  Mr.  Marshall's  reasons  for  resigning,  110  ;  salary  formerly 
insufficient,  110. — ^Williams,  R.  P.,  Quite  willing  to  support  the  motion, 
111. — Walker,  C.  C,  Members  should  have  materials  for  forming  opinion, 
111. — Robinson,  J.,  Particulars  of  salary,  112. — Paget,  A.,  Average  salary 
for  thirty  years,  112. — Bramwell,  F.  J.,  Salary  rose  rapidly  at  last,  112. — 
Walker,  C.  C,  Sum  proposed  was  not  too  great  under  circumstances,  112. 
— Head,  Jeremiah,  Subject  had  been  most  seriously  looked  into  by  Council, 
113 ;  Institution  should  err  on  liberal  side,  if  at  all,  113. — Cowper,  E.  A., 
Valuable  services  of  IMr.  Marshall,  114. 
Special  Meeting  for  appointment  of  Secretary,  1884,  77. — Bell,  I.  L., 
Applications  received,  and  interviews  with  selected  candidates,  77. — 
Carbutt,  E.  H.,  Motion  to  appoint  Mr.  Bache,  77. — Markham,  C,  Seconded 
motion,  77. — Davis,  A.,  Amendment  that  Council  be  asked  to  state  their 
views,  77. — Price,  J.,  Seconded  amendment,  77. — Amendment  carried,  77. 
— Bell,  I.  L.,  Three  names  recommended  by  Council,  78. — Davis,  A,, 
Motion  to  appoint  Sir.  Holmes,  78. — Rich,  W.  E.,  Seconded  motion,  78. — 
Motion  negatived,  78. — Robinson,  J.,  Motion  to  appoint  Mr.  Armstrong, 
78. — Cochrane,  C,  Seconded  motion,  78. — Motion  negatived,  78. — Carbutt, 
E.  H.,  Motion  to  appoint  Mr.  Bache,  78. — Markham,  C,  Seconded 
motion,  78. — Motion  carried,  78. — Paget,  A.,  Moved  vote  of  thanks  to 
President,  78. — Bramwell,  Sir  F.,  Seconded  motion,  78. — Motion  carried,  78. 

Seed-Sowing  Machinery,  1882,  231.    See  Sowing  of  Seed. 

Seddon,  J.  F.,  decease,  1884,  3. — Memoir,  68. 

Accidents,  Mine,  Mechanical  Appliances  for,  1877,  342. 

Selby,  M.,  decease,  1881,  11. — Memoir,  6. 

Selpe,  N.,  elected  Member,  1882,  255. 
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Selleks,  C,  elected  Member,  1884,  80. 

Sellers'  Ixjector,  1884, 185. 

Sel-ptyx,  Adm.  J.  H.,  Patent  Laws,  1876,  186. 

Sexnett,  R.,  elected  Member,  1881,  164. 

Sepakatoe,  Cextkifugal,  1882,  519.    See  Centrifugal  Separator. 

Seeaixg,  "Works  of  the  Society  Cockerill,  1883,  511,  519.     See  Cockerill. 

Severn  Trs^NEL  "Works,  1877,  297. — Visited  at  Summer  meeting,  Cardiff,  1884, 
359,  395-397. 

Sewage  "Works,  Birmingham  Corporation,  1876,  343. 

Sewebs,  Paris,  visit  to,  1878,  548. 

Shackleford,  a.  L.,  elected  Member,  1883,  179. 

Shackleford,  "W.  C,  elected  Member,  1884,  2. 

Shafting,  Paper  on  the  Strength  of  Shafting  when  exposed  both  to  Torsion  and 
to  End  Thrust ;  by  A.  G.  Greenhill,  1883,  182.— Formula  of  writer  and  of 
Euler,  182. — Application  to  screw-propeller  shafting,  183. — Illustration 
from  ss.  Dorset,  185. — Note  by  Mr.  "W.  J.  Clark  on  percentage  of  power 
utilised  in  propulsion,  185. — Strength  of  hollow  shafts,  187. — HoUow  shaft 
.  of  City  of  Borne,  188. — Appendix,  theoretical  investigation  of  the  stability 
of  shafting,  190-209. 

Discussion. — Greenhill,  A.  G.,  Formula  requires  no  factor  of  safety,  210 ; 
loss  of  power  in  marine  propulsion,  210 ;  hollow  shafts,  210. — Eennie, 
G.  B.,  Intermediate  bearings  of  screw  shaft  are  to  carry  weight  of  shaft, 
210;  no  end-thrust  on  shaft,  211. — Cowper,  E.  A..  Asked  for  examples  of 
application  of  formula  to  broken  propeUer-shafts,  211. — Unwin,  Y\.  C, 
Stress  due  to  twisting  and  thrust  combined,  211 ;  intei-mediate  bearings 
can  be  dispensed  with,  212;  objection  to  numerous  bearings,  212. — 
Eeynolds,  E.,  Example  of  breakage  of  propeUer-shaft,  213;  breakages 
of  hollow  crank-shafts,  214 ;  need  for  centre  core  of  material  not  under 
strain,  215;  examination  of  cracked  crank-shaft,  215;  thrust  on  propeUer- 
shaft  not  reduced  in  same  proportion  as  loss  of  propelling  power,  215 ; 
comparative  tests  of  solid  and  hollow  shafts,  215-220. — Kennedy,  A.  B. 
y\'..  Difference  immaterial  between  author's  formula  and  Euler's,  220; 
author's  formula  does  not  include  strength  of  material  used,  221 ; 
question  of  hollow  and  solid  shafts  depends  on  physical  as  weU  as 
mathematical  considerations,  222  ;  action  between  strained  and  unstrained 
parts,  222. — Paget,  A.,  Experiments  of  Mr.  Keynolds  on  transverse 
strength  oidy,  not  on  torsion  or  end-thrust,  222. — Eeynolds,  E.,  Transverse 
sti-ata  has  to  be  borne  by  screw-shaft,  223. — Shield,  H.,  Hollow  crank- 
shafts have  in  some  cases  worked  well,  223. — Unwin,  "W.  C,  Limits  of 
application  for  Euler's  formula  in  iron  and  steel  shafts,  224. — Kennedy, 
A.  B.  "\^".,  Shaft  should  not  be  treated  simply  as  a  long  column,  224. — 
Greenhill,  A.  G.,  Seasons  for  doing  away  with  intermediate  bearings,  224  ; 
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Shafting  (continued). 

object  attempted  in  tise  of  hollow  shafts,  225. — "Westmacott,P.  G.B., Practice 

should  be  refined  by  theory,  and  theory  strengthened  by  practice,  225. 
Shafting,  Fbictiox  of,  1S74,  190. 
Shafts,  Large,  machine  for  sinking,  1874,  85. 
Sha>-ks,  a.,  Puddling,  ^Mechanical,  1876,  285. 
Shaxks,  W.,  elected  Member,  1884,  SO. 
Shanks,  W.  W.,  elected  Member,  18S1,  9. 
Shapton,  W.,  elected  Member,  1881,  409. 
Sharp,  H.,  Steel,  Fluid- Compressed,  and  Guns,  1875,  298. 
Shakp,  T.  B.,  elected  Member,  1875,  36. 

Injector,  Automatic,  1884.  172. 

Steel  Compression  by  Steam,  1880,  412. 

Zinc  Manufacture  in  Belgium,  1883,  364. 
Sharkock,  S.  L.,  elected  Member,  1882,  146. 
Shaw,  H.  S.  H.,  elected  Member,  1879,  38. 

Expansion  Gear,  Automatic,  1882,  432. 

Printing  Macliinery,  1881,  524. 
Shaw,  J.,  elected  Member,  1881,  624. 
Shaw,  J.  L.,  IMines.  Paper  on  the  Hsematite  Iron  Mines  of  the  Furness  district, 

1880,  363.— Remarks,  376. 

Shaw,  W.,  Jun.,  elected  Member,  1881,  409. 

Shearing,  Htdraflic,  1874,  171. 

Shed,  LocoiiOTn'E  Punning,  1884,  243.    See  Locomotive  Punning  Shed. 

Shepherd,  J.,  Wood-Working  Machinery,  1875,  261. 

Sheppard,  H.  G.,  elected  Graduate,  1875,  190. 

Shield,  H.,  elected  Member,  1876,  347. 

Presses,  Hydraulic  Packing,  1877,  355. 

Pressure-Intensifying  Apparatus,  1878,  55,  62. 

Shafting,  Strength  of,  1883,  223. 
Ship,  Steam-ship  "  City  of  Rome,"  1880,  336.     See  Steam-.ship. 
Shipbolding  Yards,  visited  at  Glasgow  meeting;  Napier  and  Sons,  1879,  571 ; 

Elder  and  Co.,  572 ;  Denny  Bros.,  576.     Visited  at  Barrow  meeting,  1880, 

478-480. 
Ships,  Paper  on  Iron  and  Steel  as  constructive  materials  for  Ships,  by  J.  Price, 

1881,  553. — Proper  mode  of  comparing  iron  and  steel  ships,  553. — Water- 
ballast  trim,  554. — Relative  price  of  iron  and  steel,  554. — Modes  of 
regarding  the  increased  dead-weight  capacity  in  steel  ship,  555. — 
Appendix,  comparison  between  quantities  and  cost  for  a  given  vessel  in 
iron  and  steel,  556. 

Discussion. — Denny,  W.,  Mode  of  calculating  reduction  in  weight  by 
Bubstitution  of  steel  for  iron,  558 ;   correction  of  figures  in  paper,  559  ; 
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Ships  (continued). 

labour  not  reduced  by  use  of  steel,  559 ;  allowance  to  be  made  for  scrap, 
560 ;  structural  cellular  form  for  water-ballast  tanks,  5G0. — Martell,  B., 
Commercial  advantage  in  favour  of  steel  sbip,  561 ;  water  ballast,  561  ; 
measurement  capacity  no  greater  in  steel  ship  than  iu  iron,  5G2. — 
Eogerson,  J.,  Particulars  of  steel  steamer  trading  to  Bilbao,  562  ; 
advantages  of  steel  over  iron,  563 ;  experiments  showing  smaller  corrosiou 
of  steel  plates,  563 ;  composition  of  experimental  steel  and  iron  plates, 
564. — John,  W.,  Increased  dead-weight  capacity  in  steel  ship,  564  ;  water- 
ballast  need  not  be  increased  in  steel  ship,  565 ;  advantages  or  disadvantages 
must  be  independent  of  mode  of  viewing  the  question,  565 ;  superior 
quality  and  reliability  of  steel,  565 ;  behaviour  of  steel  vessel  on  rocks, 
566. — Withy,  E.,  Behaviour  of  steel  vessel  on  rocks,  566 ;  objections  to 
increasing  carrying  capacity  by  increasing  size  of  hull,  566 ;  steel  screw 
steamer  Cyanus,  567;  importance  of  even  small  additional  capacity, 
567;  cost  of  steel  and  iron  in  Cyanus,  569;  change  from  iron  to  steel 
analogous  to  change  in  type  of  engines,  569 ;  lighter  draught  of  steel 
vessel,  570 ;  no  trouble  in  use  of  steel,  570 ;  estimate  of  comparative  net 
earnings  of  iron  and  steel  vessels,  570. — Adamson,  D.,  Corrosion  of  thick 
plates  less  important  than  of  thin  plates,  571 ;  results  of  experiments  on 
corrosion  of  steel  and  iron  plates,  572  ;  cold-water  test  unsuitable  for 
shipbuilding  steel,  572 ;  relative  longitudinal  and  transverse  tensile 
strength  of  iron  and  stefl  plates,  bars,  and  angles,  573. — Price,  J.,  Cost  of 
increased  dead-weight  capacity  in  steel  cargo-carrier,  575 ;  prices  of  steel 
and  iron,  575 ;  question  of  extras  in  plates,  576 ;  mode  of  reducing  net 
saving  due  to  steel,  576 ;  vital  point  is  net'  cost  of  caiTying  capacity,  578 ; 
steel  in  itself  preferable  to  iron,  578. — Denny,  W.,  Extras  for  iron  plates 
not  reckoned,  579 ;  mode  of  estimating  reduction  of  weight  due  to 
steel,  579. 

Ships,  Hydraulic  Machinery  for,  1874,  33. — Hydraulic  Propulsion  of,  1S7S,  462. 
— Eaising  of  wreck,  1878,  116. 

Shoolbred,  J.  N.,  Electric  Lighting,  1878,  540.— 1880,  274. 
Power  Transmission,  1881,  87. 
Rock-Drill,  Diamond,  1875,  111. 
Water  Meters,  1882,  83. 

Shot  and  Shell  against  Armour  Plates,  1879,  52.    See  Armour. 

Shcttlewoeth,  J.,  decease,  1884,  3. — Memoir,  69. 

Siemens,  A.,  Power  Transmission,  1881,  91. 

Siemens,  Sm  C.  W.,  decease,  1884,  3,  19. — Address  of   condolence  to    Lady 
Siemens,  8. — Memoir,  69. 
Armour,  Construction  of,  1879,  71. 
Blast-Furnace  Capacity,  1876,  33. 
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SiEMEXS,  Sir  C.  W.  (continued). 
Cement,  Portland,  1875,  59. 
Chuck,  Electro-Magnetic,  1875,  41,  44. 
Compressed- Air  Machinery,  1874,  217. 
Condenser,  McCarter,  187G,  311. 

High-Pressure  Vessels,   Paper  on  the  construction  of  Vessels  to  resist 
High  internal  Pressure,  1S7S,  271.— Kemarks,  275,  286,  287,  288,  289. 
Hydraulic  Machineiy,  Marine,  1874,  51,  52,  53,  54. 
Iron,  Homogeneous,  1877,  78,  81. 
Patent  Laws,  1875,  179. 
Power  Transmission  by  Ropes,  1874,  G5,  75. 
Puddling,  Mechanical,  187G,  285. 
Pump,  Helical,  1874,  289,  290. 
Eock-Drill,  Diamond,  1875,  112,  122. 
Rules,  1874,  30.— 1875,  37.— 1876,  30.-1877,  40. 
Steel,  Fluid-Compressed,  and  Guns,  1875,  285,  301, 
Steel  BoUer  Experiments,  1878,  233-236,  265. 
Steel  Compression  by  Steam,  1880,  403. 
Valve-Gear,  Joy's,  1880,  444. 

Siemens  Dyxamo- Electric  Machine,  1878,  530,  542.— 1879,  249,  252.— 1880, 
266,  267,  268,  284.     See  Electric  Lighting. 

Signals  and  Points,  Application  of  Electro-Magnets  to  the  working  of  Railway 
Signals  and  Points,  1884,  444.     See  Railway  Electric  Signals. 

Silver  Ore  Amalgamation,  Paper  on  the  Francke  "  Tina  "  or  Vat  Process  for 
the  Amalgamation  of  Silver  Ores,  by  E.  P.  Rathbone,  1884,  257. — Pro- 
cesses previously  in  use,  257. — Ore  dressing,  258. — Classification  of  ores, 
258.— Stamping,  259.— Dust,  260.— Roasting,  260.— Amalgamating,  261 ; 
"  tinas "  or  amalgamating  vats,  262. — Rationale  of  process,  263. — 
Subliming,  264. 

Discussion. — Frecheville,  R.  J.,  Composition  of  ore  and  gangue,  265  ; 
assays  of  tailings,  265  ;  coffers  might  be  made  of  wood,  265 ;  limit  of 
roasting,  266 ;  removal  of  base  metal  chlorides  by  previous  leaching,  266 ; 
comparison  of  tina  with  ordinary  pan,  267;  tina  may  be  a  good 
amalgamator,  but  is  a  poor  grinder,  267 ;  analyses  desii-able  of  ore, 
bullion,  and  tailhigs,  267. — Crampton,  T.  R.,  Fine  crushing  of  minerals, 
267 ;  revolving  disintegrator,  268  ;  fine  dust  coal  for  foundry  moulding, 
268. — Nursey,  P.  F.,  Crushing  of  ore  in  gold-mining,  269. — Rathbone, 
E.  P.,  Composition  of  ore  and  gangue,  270  ;  advantage  of  coffers  and  dust- 
chambers,  270 ;  limit  of  roasting,  270 ;  leaching,  270 ;  copper  lining  of 
tina  facilitates  amalgamation,  271  ;  tina  intended  more  for  mixing  than 
for  grinding,  271  ;  percentage  of  silver  from  ore,  and  in  tailings,  271  ; 
extremely  fine  pulverisation  undesirable,  271. 
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SniONDS,  W.  T.,  elected  Member,  1877,  IGo. 

SiMOX,  H.,  Gas  Engine,  Atmospheric,  1875,  211. 

Simpson,  A.  T.,  elected  Member,  1876,  57. 

SiiiPSON,  C.  L.,  elected  Graduate,  1883,  34. 

Snipsox,  J.,  elected  Member,  1878,  107. 

Simpson,  J.  H.,  elected  Member,  1882,  255. 

Sims'  Compound  Engine,  1874,  265. 

Single-Lever  Testing  Machine,  1882,  384.    See  Testing  Machine. 

SissoN,  W.,  elected  Member,  1881,  10. 

Skebeett,  C.  p.,  Dredger,  Bazin,  1882,  106. 

Slater,  A.,  South-Wales  Mineral  Wagons,  Paper  on  the  Mineral  Wagons  of 

South  Wales,  1884,  415.— Kemarks,  437,  442,  443. 
Slide-Valte,  Cikcclar,  1877,  197.     See  Valve,  Circular  Slide. 
Sliding-Eoll  Mill  for  Plates,  1880,  87.    See  Plate  Rolling  Machinery. 
Slipways,  Taper  on  Slipways,  by  W.  Boyd,  1881,  581. — Armstrong's  system,  581. 

— Hay  ward  Tj'ler  and  Co.'s  system,  582. — Day  Summers  and  Co.'s  system, 

583. — Thompson's   system,  584.  —  Wallsend   system,   585.  —  Machinery, 

586.— Mode  of  working,  587. — Speed  of  working,  588. — Comparison  witli 

dry  docks,  589. — Relieving,  590. — Lengthening  of  vessels,  592. — Appendix, 

calculation  of  power  required  to  haul  vessels  uji  slipway,  593. — Table 

showing  power  actually  requii'ed,  594. 
Sloces  for  Culverts,  1874,  155. 
Small  Arms  Factory,  Birmingham,  1876,  329. 
Smbthurst,  W.,  elected  Member,  1876,  28. 
Smith,  A.  D.,  elected  Member,  1879,  38. 
Smith,  C,  decease,  1883,  36. — Memou-,  25. 
Smith,  C.  H.,  elected  Member,  1879,  398. 
Smith,  H.,  elected  Member,  1881,  624. 
Smith,  J.,  elected  Member,  1876,  28. 
Smith,  J.  B.,  elected  Member,  1883,  179. 

Smith,  J.  P.,  elected  Member,  1877,  209.— Decease,  1879,  22.— Memoir,  16. 
Smith,  M.  H.,  Fire-Feeder,  Frisbie  Mechanical,  1876,  322. 

Mining  Machinery,  1882,  379. 
Smith,  R.  H.,  elected  Member,  1881,  409. 

Friction  Experiments,  1883,  655. 
Smith,  Wasteneys,  elected  Member,  1881,  409. 
Smith,  William  (London),  decease,  1879,  22. — Memoir,  16. 

Chuck,  Electro-Magnetic,  1875,  41,  43. 

Patent  Laws,  1875,  169,  181,  184,  185.-1876,  182,  188. 

Power  Transmission  by  Ropes,  1874,  72. 

Rope  Gearing,  1876,  393. 
Smith,  William  (Glasgow),  decease,  1882,  17. — Memoir,  12. 
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SiiiTH,  W.  Ford,  Cutting  of  Metals,  Taper  on  some  modern  systems  of  Cutting 
Metals,  1S83,  226.— Eemarks,  252,  266. 
Gas  Engixie,  Atmospheric,  1875,  209. 
Steel,  Chernoff's  papers,  1880,  237. 

Smith,  W.  Paekek,  elected  Member,  1882,  255. 

Brake,  Faper  on  the  Automatic  Screw-Brake,  1882,  500.— Eemarks,  508, 
509,  515. 

Smith-Hakdy  VAcmni  Brake  for  railway  trains,  1878,  71,  87,  484,  554,  592, 
607,  622,  624,  630. 

Smyth,  J.  J.,  elected  Member,  1882,  255. 

Hammers,  Power  Hammers  with  Movable  Fulcrum,  1882,  211. 
Sowing  of  Seed,  Faper  on  machinery  for  the  Sowing  of  Seed,  1882,  231. 
—Eemarks,  244,  248. 

Smyth,  W.  S.,  elected  Member,  1884,  199. 

SNELrs,  G.  J.,  elected  Member,  1883,  593. 

Steel  Compression  by  Steam,  1880,  409. 

SoKELL,  J.  H.,  elected  Associate,  1882,  255.— Decease,  1884,  3.— Memoir,  71. 

Solenoid  LIagnet,  1884,  445,  462,  468.    See  Bail  way  Electric  Signals. 

SoLLORY,  G.  H.,  elected  Graduate,  1884,  409. 

Solly,  A.  J.,  elected  Graduate,  1879,  156. 

SopwiTH,  T.,  JcN.,  elected  Member,  1878,  31. 

SoREXSEN,  B.,  decease,  1878,  22. — Memoir,  14. 

SouLSBY,  J.  C,  elected  Member,  409. 

South- Wales  Mineral  Wagons,  Faper  on  the  Mineral  Wagons  of  South  Wales, 
by  A.  Slater,  1884,  415. — Private  owners'  wagons,  415. — Various  types  of 
wagons,  416. — Proportion  between  paying  load  and  dead  weight,  416. — 
Increase  in  cubic  capacity  and  in  dead  weight,  417. — Principal  dimensions 
of  coal  wagons  of  different  tonnages,  418. — Body,  417. — Doors,  419. — 
Floor,  419.— Framing,  419.— Draw-gear,  420.  —  Bufiers,  420.— Axle- 
guards,  422. — Brakes,  422. — Bearing  brasses,  422. — Bearing  springs,  423. 
— ^Wheels  and  axles,  423. — Coke  wagons,  423. — Iron-ore  and  rail  wagons, 
423. — Iron-framed  wagons,  424. — Size  of  wagons,  425. 

Discussion. — Eiches,  T.  H.,  Comparison  desii-able  with  wagons  of  other 
districts,  426. — Price-Williams,  E.,  Life-value  of  rolling  stock,  426; 
legitimate  increase  in  tare,  427 ;  proportion  between  paying  load  and  dead 
weight,  427 ;  effect  of  buffers  on  life- value,  427  ;  iron-framed  wagons,  429  ; 
limit  of  weight,  429. — Johnson,  S.  W.,  Objection  to  iron-framed  wagons, 
429. — Clayton,  T.  G.,  Former  iron-framed  wagons,  430;  life-time  of 
railway  wagons,  430  ;  adoption  of  spring  buffers,  430  ;  relative  cost  of  long 
laminated  buffer-springs  and  outside  buffers,  431 ;  capacity  of  wagons,  431. 
— Ashbury,  T.,  Effects  of  decrease  in  paying  load,  and  of  increase  in 
capacity  and  tare,  431.— Gordon,  E.,  Increased  capacity  of  wagons  in 
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South- Wales  Mikekal  Wagons  (continued). 

United  States,  432. — Hughes,  G.  D.,  Proiiriety  of  increasing  the  cariying 
capacity,  433. — Tweddell,  E.  H.,  Action  of  india-rubber  bufler  spring, 
433 ;  simplification  of  wagon  construction,  434 ;  damage  from  collision, 
434 ;  relative  cost  of  iron  or  steel  imderframe  and  one  of  timber,  434. — 
Paget,  A.,  Construction  of  india-rubber  buffer  and  di-aw-bar  spring,  434. — 
Head,  J.,  Increasing  use  of  iron  and  steel  for  other  pm-poses,  435 ;  iron 
hopper-wagons  on  North  Eastern  Kailway,  435 ;  mild  soft  steel  suitable 
for  wagons,  435 ;  use  of  springs,  436 ;  ownership  of  railway  wagons, 
436 ;  research  experiments  on  friction,  436. — Slater,  A.,  Explanation  of 
average  of  tare,  437 ;  life-value  of  wagons  with  light  and  heavy  tares, 
437 ;  probable  adoption  of  iron  imderframes,  437 ;  importance  of  hydraulic 
riveting,  438 ;  increase  in  capacity  and  tare,  439 ;  colUsions,  439  ;  life-time 
of  wagons,  440 ;  spring  buffers,  440  ;  india-rubber  buffer  and  draw-bar 
spring,  440 ;  benefit  from  increased  carrying  capacity,  441 ;  difficulties  of 
increasing  capacity  of  colliery  wagons,  441  ;  wagons  of  large  carrying 
capacity,  442 ;  ownership  of  wagons,  442. — Cochrane,  C,  Appearance  of 
india-rubber  buffer  spring,  442. — Slater,  A.,  Description  of  india-rubber 
bufler  spring,  442.— Paget,  A.,  Action  of  india-rubber  spring,  443. — 
Slater,  A.,  Advantages  of  india-rubber  spring,  443.— Cochrane,  C,  Train- 
miles  of  wagons,  443. 

SowiKG  OF  Seed,  Paper  on  machinery  for  the  Sowing  of  Seed,  by  J.  J.  Smyth, 
18S2,  231.— Delivery  of  the  seed  to  the  sower,  231.— Apertui-e  delivery, 
232.— Force-feed  delivery,  232.— Cup  delivery,  234.— Eegidation  of  the 
quantity  of  seed  to  be  sown,  236. — Bringing  of  the  seed  to  the  soU,  239. — 
Broadcast  sowing  machine,  239. — Com  and  seed  drills,  239. — Drill  frame, 
240. — Coulter  levers,  241. — Seed  conductors,  242. — Steering  apparatus, 
243. 

Discussion. — Smyth,  J.  J.,  Model  of  early  Sufiolk  di-ill,  244  ;  drills  must 
be  adapted  to  all  countries  and  kinds  of  grain,  244 ;  superiority  of  side-cup 
system  over  indented-disc,  245 ;  best  shapes  for  coulters,  246 ;  defects  of 
previous  conductors,  246. — Anderson,  W.,  Testing  of  seed  distribution  at 
Eoyal  Agricultural  Society's  show,  247 ;  weakness  of  coulter-levers,  247  ; 
seed-box  not  protected  from  wet,  247 ;  uniform  delivery  obtained  from 
pitch-chain  distributor,  248. — Smyth,  J.  J.,  Side-cup  drill  requires  cups  to 
be  set  properly,  248 ;  proper  construction  of  coulter-levers,  249 ;  protection 
of  seed-box  from  wet,  249 ;  objection  to  distribution  by  pitch-chain,  249. — • 
Westmacott,  P.  G.  B.,  Thanks  due  for  diagrams  as  well  as  paper,  250. 

SoTEES,  F.  J.  DE,  elected  Member,  1877,  299. 

Special  3Ieetixg  for  appointment  of  Secretary,  1884,  77.    See  Secretary. 

Speck,  T.  S.,  elected  Member,  1876,  57.— Decease,  1884,  3.— Memoir,  71. 

Spencek,  a.  G.,  elected  Member,  1878,  108. 
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Spexcek,  E.,  Cotton-Spinning  Machinery,  Paper  on  recent  improvements  in  the 
Machinery  for  Preparing  and  Spinning  Cotton,  1880,  492. — Eemarks,  528. 

Spexcee,  G.,  elected  Member,  1878,  108. 

Spencer,  J.,  elected  Member,  1877,  299. 

Spice,  E.  P.,  elected  Member,  1876,  57. 

SpiELMA^-y,  M.  H.,  elected  Graduate,  1877,  300. 

Spinning  Machinery  for  Cotton,  1880,  492.     See  Cotton  Spinning  Machinery. 

Spinning  Machinery  for  Jute,  1880,  389.    See  Jute  Machinery. 

Spittle,  T.,  decease,  1882,  17. — Memoir,  12. 

Spon,  E.,  Portable  Kailways,  1884,  148. 

Water  Supply  from  Chalk,  1876,  172. 

Spooner,  H.  J.,  elected  Graduate,  1883,  180. 

Spray  Tuyere,  1876,  350.    See  Tuyere,  Open  Spray. 

Spriggs,  C,  elected  Member,  1876,  28.— Decease,  1878,  22.— Memoir,  15. 

Spring  Meeting,  Business,  1874,  55.-1875,  65.— 1876,  57.-1877,  71.— 1878, 
107.— 1879,  155.-1880,  185.— 1881,  163.  — 1882,  145.— 1883,  179.— 
1884,  79. 

Springs,  Helical,  best  proportions  for  construction,  1877,  192. 

Stafford,  G.,  elected  Member,  1880,  310. 

Stamping  of  Metals,  principles  of,  1878,  317. 

Stanger,  G.  H.,  elected  Member,  1877,  299. 

Stanger,  W.  H.,  elected  Member,  1875,  65. 

Stanton,  F.  B.,  elected  Member,  1884,  409. 

Stead,  J.  E.,  Blast-Furnace  Working,  1883,  138,  151. 

Steam  AccriirLATOE  for  Hydraulic  Machines,  1874,  34,  50. 

Steam  Bakery,  Cardiff,  1884,  367. 

Steasi  Compression  of  Steel,  1880,  396.    See  Steel  Compression  by  Steam. 

Steam,  Condensation,  in  long  pipes,  1874,  270,  276,  279. 

Steaji  Dome,  1876,  68,  88. 

Steam  Dyelng  and  Laundry  Works,  Cardiff,  1884,  366. 

Steam-Engine  Governors  regulating  Expansion,  1882,  408.      See  Expansion 

Gear. 
Steam  for  transmitting  power,  1881,  96.  See  Power  Transmission. 
Steam-ship,  Paper  on  the  Steam-ship  "  City  of  Kome,"  by  J.  Humphrys,  1880, 
336. — Development  of  British  mercantile  marine,  336. — Dimensions  of 
"  City  of  Eome,"'  337. — General  features,  '337. — Arrangement  of  boiler 
rooms,  338. — Stern  post,  framing,  and  shell  plating,  339. — Engines,  340. — 
Crank  shaft,  341. — Particulars  of  engines,  341. — Boilers,  342. — ^Intemal 
arrangements,  342. — Weight,  displacement,  and  capacity,  345. 

Discussion. — Boyd,  W.,  Objectionable  use  of  gearing  for  working  valves, 
345;  why  were  boilers  made  of  iron,  not  of  steel,  345. — Ormiston,  T., 
Advantages  of  having  saloon  amidships,  346;    importance  of  adequate 
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.  strength  in  long  ships,  346. — Keynolds,  E.,  Superiority  of  solid  to  hollow 
shafts,  346. — Adams,  T.,  Greater  torsional  resistance  of  hollow  shaft,  348  ; 
superiority  of  steel  plates  for  boilers,  348.— Hall,  W.  S.,  Natural  hollow 
structiu-e  is  not  exposed  to  torsion,  348. — Paget,  A.,  Strength  of  hollow 
bamboo,  348.  —  Eeynolds,  E.,  Torsional  strength  distinct  from  long 
endurance  of  strains,  349. — Marshall,  F.  C,  Advantage  of  twin-screw 
arrangement,  349 ;  novelty  of  three  pairs  of  tandem  engines,  349  ;  gearing 
for  working  the  valves  objectionable,  349 ;  liollow  crank-shaft  how  built 
up,  350 ;  reciprocating  pump  why  preferred  to  centrifugal,  350 ;  boiler 
joints  how  made,  350.— Humphrys,  J.,  Mode  of  building  up  crank-shaft, 
350. — Kobinson,  J.,  Advantages  of  ingot  iron  for  boilers,  351. — Adamson, 
D.,  Superiority  of  hollow  to  solid  shafts,  352  ;  varieties  of  quality  in  steel, 
353 ;  advantages  of  three  pau's  of  tandem  engines,  353 ;  ingot-metal 
preferable  to  iron  for  boilers,  353. — Greig,  D.,  Steel  should  now  supersede 
iron  for  boilers  and  ships,  354. — Crampton,  T.  E.,  Steel  plates  to  be  used 
■with  caution,  354.  —  Eobinson,  J.,  Thick  plates  of  ingot  metal  for 
locomotive  frames,  355. — Welch,  E.  J.  C,  Eesults  of  testing  thick  steel 
plates,  355. — Marshall,  F.  C,  Use  of  very  thick  iron  plates  for  marine 
boilers,  and  advantage  of  steel  plates,  356. — Eeynolds,  E.,  Building  up  of 
steel  cranks,  357. — Cowper,  0.  E.,  Suggestion  of  simple  nomenclatiu-e  for 
iron  and  steel,  357. — Cowper,  E.  A.,  Advantages  of  steel  plates  for  boilers 
and  ships,  358 ;  use  of  iron  decks,  358. — Humphrys,  J.,  Ample  security  in 
use  of  gearing  for  slide-valves,  358 ;  boiler  plates  of  iron  on  account  of 
size,  358  ;  position  of  saloon,  how  fixed,  359  ;  large  vessels  can  be  made 
amply  strong,  360 ;  advantages  of  hollow  shaft,  360 ;  ditto  of  tandem 
engines,  360 ;  ditto  of  reciprocating  pumps,  361 ;  ships  will  be  built  of 
steel  when  price  lower,  361. 

Steavensox,  a.  L.,  Prmting  Machinerj-,  1881,  523. 
Ventilators  for  Mines,  Mechanical,  1876,  329. 

Steel,  T.  D.,  elected  Member,  1874,  55. 

Tynewydd  Colliery  Inundation,  1877,  230. 

Steel  axd  Guns,  Paper  on  Fluid-Compressed  Steel  and  Guns,  by  Sir  J. 
Whitworth,  1875,  268. — Correction  of  definition  between  wrought  iron  and 
steel,  268. — Standard  proposed,  designating  combined  tensile  strength  and 
ductilit}-,  269. — Mould  box  and  process  for  compressing  fluid  steel,  270. — 
Forging  by  hydraulic  press,  advantage  over  steam  hammer,  271. — Guns 
should  be  made  of  steel,  272. — Eesults  of  testing  the  strength  of 
compressed  steel  by  explosion  of  gunpowder,  272. — Breech-loading  guns, 
superior  results  to  muzzle-loading,  273. — Great  strength  of  compressed 
steel  allows  more  powder  to  be  used  than  muzzle-loader  can  consume,  274. 
— Guns  made  of  fluid-compressed  steel  at  less  cost  than  by  wrought-iron 
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process,  274. — Steel  breech-loadiug  guns  of  moderate  size  with  large  powder 
chambers,  superior  to  muzzle-loaders  of  large  size,  275. — Long  projectiles 
give  greater  penetration  than  short  ones,  275. — Flat-headed  projectiles 
necessary  for  penetrating  under  water,  276.  —  Importance  of  having 
adequate  bearing  surface  for  rifled  shot,  276. — Polygonal  projectiles  less 
expensive  than  studded,  277. — Length  of  projectile  should  be  three 
diameters,  277. — Projectile  with  conoidal  front  and  slightly  tapered  rear 
found  best  for  long  rauges  in  all  cases,  278. — Table  of  experiments  on 
cyhnders  with  gunpowder  explosions,  279. — Table  of  tensile  strength  and 
ductility  of  fluid-compressed  steel,  280. 

Discussion. — Whitworth,  Sir  J.,  Proof  that  flat-headed  projectiles  are 
necessary  for  penetration  under  water,  281 ;  results  of  experiments  for 
testing  strength  of  metals  by  explosions  of  gimpowder,  281. — Eamsbottom, 
J.,  Compressed  steel  cast  quite  sound  and  free  from  cells,  283  ;  definition 
of  iron  and  steel  should  be  determined  by  tensile  strength  and  ductility, 
283 ;  hydraulic  forging  press  better  than  steam  hammer  mechanically, 
only  question  whether  better  commercially,  284  ;  welded  iron,  tm])ossible 
to  be  sure  of  soundness,  285. — Siemens,  C.  W.,  Difficulty  in  accounting  for 
gas  being  expelled  by  pressure  upon  a  fluid,  286 ;  fluid  metal  contains 
large  quantity  of  gas  occluded  within  itself,  which  if  retained  becomes 
source  of  weakness,  287 ;  proposed  definition  of  "  iron  "  and  "  steel " 
limited  to  metal  that  has  been  fluid,  287. — Cowper,  E.  A.,  Combined  effect 
of  high  temperature  and  pressure  on  the  gas  in  fluid  steel,  289  ;  carbonic 
oxide  formed  by  puddling  action  in  the  mould,  289. — Eennie,  G.  B., 
Compressed  steel  successfully  applied  to  large  propeller  shafts,  with  great 
saving  of  weight,  289. — Whitworth,  Sir  J.,  Fluid  steel  column  shortened 
l-8th  by  the  compression,  290 ;  gas  expelled  by  pressure  from  fluid  steel 
is  9-lOths  common  air,  290 ;  classification  and  characteristics  of  diflerent 
qualities  of  compressed  steel,  291 ;  value  of  high  tensile  strength  combined 
with  great  ductility,  291. — Carpmael,  W.,  Effect  of  compressing  fiuid  steel 
to  expel  gas  held  in  solution,  291. — Davey,  H.,  Increased  strength  of 
compressed  steel  probably  due  to  different  aggregation  of  the  iJarticles,  292. 
— Mather,  W.,  Probable  advantages  of  fluid  compression  applied  to  iron 
castings,  292. — Webb,  F.  W.,  Moulds  for  steel  require  special  preparation 
for  escape  of  gas,  to  prevent  piping  and  bubbles,  293  ;  large  ingots  can  be 
cast  quite  sound,  293 ;  phosphorus  a  great  help  in  obtaining  clean  cast- 
ings, where  forging  not  required,  293 ;  mild  cast  steel  with  as  much  as 
33  per  cent,  of  ductility  made  with  great  uniformity  for  boiler  plates  at 
Crewe  Works,  294  ;  steel  for  fire-boxes  required  to  be  tempered  very  low, 
294. — WTiitworth,  Sir  J.,  Steel  ingots,  cast  in  ordinaiy  way,  and  having 
30  per  cent,  of  ductility,  arc  never  soimd,  295  ;  pressiu-e  of  6  to  8  tons  per 
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square  inch  sulficient  for  getting  rid  of  air-cells  in  steel,  295. — "Webb, 

F.  W.,  Steel  ingot  cast  with  a  4  ft.  bead,  free  from  air-cells,  296.— Deacon, 

G.  F.,  Expulsion  of  gases  commences  with  congelation,  296. — Adamson, 
D.,  Soundness  of  compressed  steel  accounted  for  mechanically,  and  not 
requiring  chemical  explanation,  297 ;  impossible  to  get  solid  ingot  cast  in 
ordinary  mould,  from  contraction  of  centre  after  surface  becomes  solidified, 
297  ;  large  iron  castings  never  so  close  in  centre  as  at  outside,  298 ;  high 
tensile  strength  incompatible  with  high  ductility  in  u-on,  298. — Sharp,  H., 
Bessemer  steel  ingots  cast  under  head  of  metal  have  high  tensile 
strength  and  ductility,  298. — Cochrane,  C,  Keduction  in  bulk  of  steel  in 
compression  due  partly  to  expansion  of  mould,  299. — Eeynolds,  E.,  Process 
of  fluid  compression  used  extensively  for  copper,  299 ;  ordinary  steel  ingots 
cast  quite  sound  if  "  dead  melted,"  to  prevent  metal  from  rising  in  mould 
by  evolution  of  gas,  299 ;  arrested  evolution  of  gas  recommences  on  cooling 
from  very  high  temperature,  299;  sound  ingots  obtained  by  "dead 
melting,"  allowing  time  for  escape  of  gas,  300 ;  tank  furnaces  for  steel- 
making  require  very  high  temperature  to  reduce  intensity  of  chemical 
action,  301.— Siemens,  C.  W.,  Dissociation  at  high  temperature  in  steel- 
melting  furnace,  301.— Preston,  F.,  Importance  of  getting  rid  of  the  air 
for  obtaining  good  castings,  302. — Webb,  F.  W.,  Castings  in  a  vacuum, 
303.— Whitworth,  Sir  J.,  Kesults  of  experiments  for  testing  tensile  strength 
and  ductility  of  wrought  and  cast  iron,  303 ;  long  annealing  required  with 
Krupp  steel  from  containing  more  carbon,  but  no  annealing  required  with 
fluid-compressed  steel,  304. 

Steel  and  Ieon  foe  Boilers.    See  Iron  and  Steel  for  Boilers,  1879, 268. — Steel 
Boiler  Experiments,  1878,  217. 

Steel  and  Ikon  fok  Ships,  1881,  553.    See  Ships. 

Steel  Boiler  Experkients,  Papers  on  experiments  relative  to  Steel  Boilers,  by 
W.  Boyd,  1878,  217. — Design  for  steel  boiler  for  a  steam-ship  built  wholly 
of  steel,  217. — Tests  required  for  material  by  Lloyd's  committee,  217. — 
Steel  rivets  and  steel  tubes  used  in  construction  of  boiler,  218. — Tensile 
tests,  218. — Tests  of  longitudinal  joints,  219. — Tests  of  punched  and 
drilled  holes,  222.—  Tests  of  steel  rivets,  223.— Buckling  tests  of  stayed 
flat  plates  without  nuts  on  stays,  224. — Ditto  with  nuts  on  stays,  225. — 
Tempering  tests,  226. — Annealing  tests,  227. — Conclusions,  227. — Tables 
of  tests,  228-232. 

Discussion. — Siemens,  C.  "W.,  Cause  of  apparent  failme  of  Landore  steel, 
233 ;  use  of  iron  rivets  for  mild  steel  plates  is  most  objectionable,  234  ; 
effect  of  punching  depends  on  method  adopted,  234  ;  American  helical 
punch,  235 ;  harder  steel  would  be  better  for  flat  stay-plates,  235 ; 
impossibility  of  bui'sting  a  steel  boiler,  236. — Bramwell,  F.  J.,  Importance 
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of  fitting  nuts  on  stays,  as  shown  by  exploded  boiler  and  by  experiments, 
236. — Tweddell,  K.  H.,  Punching  should  supersede  drilling  if  possible,  to 
save  expense,  237 ;  advantages  of  punching,  238 ;  different  vievirs  as  to 
loss  of  strength  from  punching,  238 ;  result  of  experiments  with  spiral 
punch,  239  ;  iron  rivets  superior  to  steel  for  steel  boilers,  240 ;  use  of  steel 
boilers  in  French  navy,  240  ;  use  of  steel  for  different  structures  should  be 
investigated  under  direction  of  the  Council,  241. — Hill,  L.,  Process  for 
punching  large  holes  without  powerful  punching  machine,  241. — Paget, 
A.,  Clearance  between  die  and  punch  is  a  very  important  point,  242  ; 
method  of  punching  small  pieces  of  complicated  shapes  out  of  thin  cast- 
steel  plate,  242. — Sterne,  L.,  Experiments  with  spiral  punch,  243. — 
Parsey,  W.,  Punch  made  with  end  hollowed  out  at  centre  is  better  than 
with  flat  end,  244. — Wicksteed,  J.  H.,  Kule  for  clearance  between  punch 
and  die,  244;  method  of  gripping  test-pieces,  245. — Head,  Jeremiah, 
Suitability  of  mild  steel  for  boiler-making,  245  ;  use  of  steel  boiler-plates 
is  largely  a  question  of  price,  246  ;  different  views  as  to  corrosion  of  steel 
and  iron,  246 ;  subject  should  be  investigated  by  Institution,  246. — "West, 
H.  H.,  Element  of  time  conjointly  with  that  of  strain  is  important,  247. 
— Adamson,  D.,  Investigation  by  Institution  is  not  desirable,  248 ; 
statement  as  to  permanent  set  is  not  in  accordance  with  his  own  experience, 
249  ;  different  results  with  short  and  long  specimens,  249  ;  punching  could 
never  supersede  drilling,  250 ;  undesirability  of  having  conical  rivet-holes 
for  steel  boiler,  251 ;  reduction  in  section  of  plates  under  compression  is 
not  desirable,  252  ;  advantage  of  drilling  instead  of  punching,  253 ; 
treacherous  nature  of  plate  iron,  253 ;  danger  arising  from  cinder  in  plate 
iron,  forming  an  "  iron  concrete,"  253. — Cowper,  E.  A.,  Steel  for  boilers 
and  rivets  should  be  mild,  255 ;  description  of  "  extensometer "  for 
measuring  elastic  limit,  256 ;  method  of  punching  out  large  eyes  in  iron 
suspension-bridge  links,  257. — Hawksley,  T.,  Question  of  permanent  set 
as  affected  by  repetition  of  strain,  258  ;  desirability  of  investigating  effect 
of  foreign  substances  upon  pure  materials,  259 ;  steel  is  very  much  less 
corrosible  than  iron,  260. — Olrick,  L.,  Differences  of  opinion  as  to  punching 
are  due  to  difference  in  material  tested,  260  ;  testing  pressure  should  not 
be  more  than  50  per  cent,  above  working  pressure,  261 ;  sharp  edges  of 
rivet-holes  should  be  taken  off,  262 ;  difficulty  of  bending  plates  into 
conical  shape,  262. — Platts,  J.  J.,  Steel  plates  would  not  stand  for 
anthracite  fuel,  263;  drilled  holes  are  far  superior  to  punched,  where 
metal  has  to  contend  with  very  great  heat,  264. — Adamson,  D.,  Steel 
fireboxes  found  not  to  be  injured  by  anthracite,  264. — Platts,  J.  J.,  Short 
steel  fireboxes  in  locomotives  in  Eussia  had  all  cracked,  265. — Siemens, 
C.  \V.,  Very  mild  steel  has  not  been  known  very  long,  265. — Platts,  J.  J., 
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Steel  plates  of  Eussian  locomotive  fireboxes  were  got  four  years  ago,  265. 
— Tweddell,  R.  H.,  Steel  not  yet  adopted  for  furnaces  m  French  navy,  265. 
—Boyd,  W.,  Mode  of  conducting  tensile  experiments  and  ascertaining 
permanent  set,  266 ;  mode  of  beating  rivets,  267.— Robinson,  J.,  How  was 
over-beating  or  under -beating  prevented,  267.— Boyd,  W.,  Reverberatoiy 
furnace  used  for  beating  rivets,  267 ;  ordinary  rivet-beartb  unsuitable  for 
steel  rivets,  267 ;  additional  strength  from  nutted  stays,  268 ;  good  work 
can  be  produced  with  punching  machine,  268 ;  description  of  punching 
machme  used  for  steel  boiler,  268 ;  life  of  steel  fireboxes  can  be  proved 
only  by  time,  269. — Robinson,  J.,  Still  considerable  uncertainty  on  various 
points,  270. 

Steel,  Cherxoff's  Papers,  Paper  (1878)  on  the  Structure  of  Cast-Steel  Ingots, 
by  D.  Chernofif,  translated  by  W.  Anderson,  1880,  152.— Previous  use  of 
wrought  and  cast  iron,  152. — Early  attempts  at  steel  founding,  153.— 
Structure  of  steel  ingot  cast  in  metallic  mould,  153.— Cavity  in  upper  end, 
154._Bubbles  in  outer  surface,  155.— Form  and  growth  of  ditto,  156. — 
Setting  of  steel,  from  surface  inwards,  100. — Formation  of  crystals  in  ditto, 
160. — Cause  of  acicular  formation  iu  outer  layers,  164. — Granulation  in 
cooling,  165.— Malleable  cast  iron,  167. — Methods  of  overcoming  these 
defects  in  steel  castings,  167. — First  method,  ingots  hammered  or  rolled 
into  required  shapes,  168.— Tests  of  specimens  from  forged  ingot,  169. — 
Second  method,  compression  of  fluid  steel  during  setting,  170. — Results 
attained  172. — Third  method,  use  of  chemical  reagents  to  arrest  formation 
of  gases,  172. — Ferro-manganese-silicon  meltings  produced  at  Terre-Noire, 
174. — Soundness  of  castings  produced,  175. — Arborescences  inside  bubbles 
in  central  parts  of  steel  ingots,  176. — Mode  of  preventing  porosities  by 
rotation  of  ingots  while  cooling,  177.— Centrifugal  casting,  178.— Neither 
forging  nor  pressure  necessary  to  improve  steel,  179.  —  Tables  of 
experiments  on  steel  at  Terre-Noire  and  at  Abouchoff,  182-3. 

Steel,  Chebnoff's  Papers,  Paper,  Remarks  on  Chemofif's  papers  on  Steel,  by 
W.  Anderson,  1880,  225. — Abouchoff  steel  works,  225. — Chernoff's  first 
paper  on  the  manufacture  of  steel,  226.— Second  paper  on  the  study  of  the 
Bessemer  process,  227. — Thu-d  paper  on  the  structure  of  cast-steel  ingots, 
228. — Effect  of  occluded  gases  on  hardening  and  tempering  of  steel,  228. 
— Rapidity  of  diffusion  of  hydrogen  through  red-hot  steel,  229. — Specific 
gravity  of  steel  apparently  reduced,  but  really  increased  by  hardening, 
229. — Softening  of  hardened  steel  by  slow  re-heating,  230. — Explanation 
of  characteristic  colours  in  tempering,  230. — Hughes'  induction-currents 
balance,  231. 

Discussion. — Anderson,  W.,  Hughes'  esperunents  on  occluded  gases 
with  .steel  wire,  and  Roberts'  with  palladium  wire,  232. — Cowper,  E.  A., 
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Brass  wire  becomes  rotten  by  long  exposure,  232. — Hall,  W.  S.,  Colours 
in  tempering  analogous  to  motlier-of-iiearl,  233. — Cowper,  E.  A.,  Prismatic 
etfect  of  close  fine  lines  on  steel  and  glass,  233. — Paget,  A.,  Such  colours 
entirely  different  from  colours  of  tempering,  233. — Hughes,  D.  E.,  Soft 
steel  is  mechanical  mixture  of  iron  and  carbon,  not  chemical  compound, 
nor  alloy,  233  ;  demonstration  by  differences  in  electro-motive  force,  234  ; 
demonstration  by  electro-negative  force,  235. — Cowper,  E.  A.,  What 
difference  in  conducting  power  between  hard  and  soft  steel,  235. — Hughes, 
D.  E.,  Conducting  power  of  hard  steel  lower  than  of  soft,  235. — James,  J., 
DiflSculty  of  hardening  cast-steel  collars  and  cutters,  236 ;  welding  of 
steel,  236 ;  form  of  edge  more  important  than  hardness  for  cutting  tools, 
236. — Smith,  W.  F.,  Welding  of  steel  by  boras  and  sal  ammoniac,  237. — 
Cowper,  E.  A.,  Ditto  by  borax  alone,  237. — Hughes,  D.  E.,  Steel  is  softest 
immediately  after  softening,  and  gradually  hardens,  237. — Paget,  A., 
Conversely,  steel  when  too  hard  gradually  softens,  237;  straightening  of 
very  thin  steel  plates  immediately  after  hardening,  237.  —  Beaumont, 
W.  W.,  Hardness  of  Mushet's  unhardened  tool-steel,  238. — Eobinson,  J., 
Ductility  of  cast  as  compared  with  forged  steel,  238. — Head,  Jeremiah, 
Hammering  of  steel  ingots  now  superseded  by  rolling,  238. — Eobinson,  J., 
EoUing  has  similar  effect  to  hammering,  239.— Cowper,  E.  A.,  Annealing 
in  oak  sawdust,  and  chilling  in  hot  water,  239. — Fernie,  J.,  American  plan 
of  annealing  and  re-steeling,  240. — James,  J.,  Annealing  and  re-hardening 
of  pinny  steel,  240. — Anderson,  W.,  Soft  steel  ought  to  be  weaker  than 
hard,  if  containing  carbon  as  graphite,  241 ;  effect  of  extreme  cold  upon 
pure  steel,  and  upon  steel  containing  phosphorus,  241 ;  swelling  of  steel 
on  hardening,  242;  cracking  of  dies  used  for  coining,  242.— Eobinson,  J,, 
Elliptical  cracks  inside  bars  of  unhardened  steel,  243. — Anderson,  W., 
Specific  gravity  really  greater  in  hardened  steel,  243;  annealed  steel 
castings  as  strong  as  steel  forgings,  243 ;  use  of  steam  pressure  in  casting 
steel  ingots,  244. 

Steel,  Chernoff's  Papers,  Fapcr  (1868)  ou  the  Manufacture  of  Steel,  and  the 
mode  of  working  it,  by  D.  Chernoff,  translated  by  W.  Anderson,  1880,  286. 
— Best  steel  ever  made  is  "  boulat "  of  Tartars,  286. — Eibbons  of  dead  tint 
in  steel  guns,  287. — Effects  of  steam  hammer  in  forging  ingots,  influence 
of  temijerature  in  tempering,  and  of  agitation  in  cooling  of  melted  steel, 
288. — Nitrogen  in  steel,  289. — Influence  of  different  metals  on  quality  of 
steel,  289. — Tungsten  steel,  290. — Law  regulating  change  of  structure  by 
heating,  290. — Power  of  steel  to  become  granubr,  293. — Advantage  of 
fine-grained  structure,  294. — Forging  at  temperatures  above  amorphous 
condition  docs  not  increase  density  of  steel,  294. — Heavy  forging  necessary 
for  closing  bubbles  and  cracks,  295. — Strength   of  uuforged  and  forged 
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steel,  296. — Heated  ingot  must  be  forged  as  quickly  as  possible,  296. — 
Crystallisation  in  steel  cooling  quietly  from  high  temperatiire,  297. — 
3Iode  of  correcting  crystallisation,  by  re-heating  and  quickly  forging,  29S. 
— Example  of  spoiling  large  steel  ingot,  299. — Cavity  in  forging,  300. — 
"Welding,  301.  —  Forging  at  temperatures  below  amorphous  condition 
increases  density  of  steel,  302. — Other  results  of  forging  at  low  temperature, 
303. — How  to  obtain  fine-grained  stnicture,  304. — Tempering  and  cooling, 
305. — Illustration  by  fractured  specimens,  305.  —  Fixing  of  amorphous 
condition  by  plunging  heated  steel  into  water,  306.— Fine  grain  can  be 
restored  to  steel  that  has  become  crystalline,  307. — Tempering  of  steel 
gun  linings  at  Woolwich  arsenal,  307. 

Steel  Cojbpeessiox  by  Stea3i,  Paper  on  the  Steel-Compressing  arrangements  at 
the  Barrow  Works,  by  A.  Davis,  1880,  396. — Causes  of  imsoundness  in 
steel  castings,  396. — Compression  of  iiuid  steel  by  high-pressure  steam, 
396. — Arrangements  at  Edgar  Thompson  "Works,  397. — Ditto  at  Barrow 
"Works,  397. — Joint  for  lid  and  base  of  ingot  mould,  398. — Supply  of  steam, 
398. — ^Attempt  to  inject  water  through  cover  of  mould,  398. — Eesults  of 
casting  under  steam  compression,  399. — Pressure  of  steam  required,  399. — 
Advantage  of  elastic  compressing  medium,  400. 

Discussion.—  Kichards,  E.  "W.,  Increased  soundness  of  steam-compressed 
ingots  under  increased  pressm-e,  400  ;  gases  occluded  in  steel  are  hydrogen 
and  nitrogen,  401 ;  necessity  of  expelling  gases  to  get  soimd  steel,  402. — 
Cowper,  E.  A.,  "Whether  mechanical  expulsion  of  gas,  or  chemical 
absorption,  402. — Eichards,  E.  "W.,  Mechanical  expulsion  of  gas,  403. — 
Siemens,  C.  "W.,  Very  high  pressiu-e  necessary  for  compression  of  mild 
steel,  403 ;  gases  probably  remain  occluded,  not  expelled,  404 ;  recent 
failure  of  steel  boiler  through  defect  of  material,  404 ;  mild-steel  boiler 
wiU  not  burst  under  any  pressure,  405 ;  reliability  of  mild  steel,  405  ; 
cheapness  too  much  stuilied  in  mild  steel,  406 ;  steel  rivet-bars,  406. — 
Adams,  T.,  Experiments  on  strength  of  mild  steel  plates,  407  ;  strength  of 
compressed  steel  due  to  condensation,  407. — Paget,  A.,  Mode  of  testing- 
steel  plates,  408. — Adams,  T.,  Description  of  mode  of  testing,  408. — Snelus, 
G.  J.,  Mechanical  method  of  getting  rid  of  bubbles  in  steel,  409  ;  nature  of 
gas  in  cavities,  409 ;  occlusion  of  gases  by  various  metals,  410 ;  lower 
affinity  of  steel  for  hydrogen  than  carbonic  oxide,  410 ;  metal  under 
pressure  probably  occludes  more  gas,  411 ;  chemical  means  of  getting  rid 
of  bubbles,  411. — Hayes,  J.,  Admission  of  steam  at  both  ends  of  mould  for 

compression,  411  ;  hydraulic  power  preferable  for  higher  pressiu-es,  412. 

Sharp,  T.  B.,  Casting  of  copper  ingots  sound  by  mechanical  means,  412  ; 
superiority  of  chemical  over  mechanical  treatment,  412 ;  three  sorts  of 
bubbles    in    cast    metal,    412  ;    advantage    of   chemical    treatment    for 
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complicated  castings,  413. — Cowper,  E.  A.,  Mild-steel  boiler  made  for 
testing  by  hydraulic  pressure,  413. — Paget,  A.,  Similar  process  previously 
devised  in  France,  414  ;  compression  by  use  of  air,  414 ;  comparative  effect 
of  gaseous  pressure  and  of  solid  ram,  414. — Crompton,  E.  E.  B.,  Possible 
advantage  of  steam,  by  forming  ammonia,  414 ;  expulsion  of  occluded 
gases  in  Edison's  experiments,  415. — Tweddell,  E.  H.,  Specific  gravity  of 
ingots  subjected  to  pressure,  415. — Eichards,  E.  W.,  Gases  obtained  were 
from  steel  not  compressed,  415. — Davis,  A.,  Amount  of  pressure  required, 
415 ;  prompt  application  of  pressure  to  fluid  metal,  415 ;  independent 
invention  in  France  and  America,  41G ;  use  of  compressed  air,  416 ;  joints 
for  ingot  moulds,  417. 

Steel,  Haeden'ing  &c.  of  Steel,  First  Report  of  the  Committee  on  the  Hardening, 
Tempering,  and  Annealing  of  Steel  (W.  Anderson  reporter),  1881,  681. — 
Nature  and  composition  of  steel  and  cast  iron,  681.— Quantity  of  carbon 
in  steel  and  cast  iron,  and  its  state,  683. — Substances  other  than  carbon 
entering  into  the  composition  of  steel,  686. — Hardening  of  steel,  687. — 
The  molecular  changes  that  occur  in  hardening,  tempering,  and  annealing, 
689. — Directions  in  -which  further  investigation  appears  to  be  needed, 
693. — Appendix,  list  of  works  consulted,  694. 

Steel,  Habdenixg  &c.  of  Steel,  Eesults  of  preliminary  experiments  with  thin 
discs  of  Steel,  by  F.  A.  Abel,  C.B.,  F.E.S.,  1881,  696.— Description  of  first 
series  of  steel  discs,  and  mode  of  treatment,  696. — Percentages  of  carbon 
in  hardened,  tempered,  and  annealed  steel  discs,  698. — Hardening  and 
annealing  processes,  699. — Second  series  of  steel  discs,  percentages  of 
carbon,  700. — Percentages  of  uncombined  carbon,  701. — Eesidues  from 
treatment  with  chromic  acid  liquor,  701. — Presence  of  iron  carbide  in 
steel,  704. — Effect  of  annealing  and  hardening,  704. 

Steel,  H.ujdening  &c.  of  Steel,  Eesults  of  experiments  with  reference  to  Occluded 
Gases,  by  "W.  Chandler  Eoberts,  F.E.S.,  1881,  706. — Former  experiments 
in  this  direction,  707. — Experiments  on  hardening  of  steel  in  vacuo,  708. 
— Absence  of  characteristic  colours  when  tempering  in  vacuo,  710. — 
Eeaumur's  views,  710. 

Steel,  Haedenixg  &c.  of  Steel,  Eemarks  by  W.  Anderson  on  experiments  of 
Prof.  W.  Chandler  Eoberts  and  Prof.  Abel,  1882,  37.— Ditto,  by  E.  A. 
Cowper,  38  :  ditto  by  A.  B.  W.  Kennedy,  38. 

Steel,  IIakuenixg  &c.  of  Steel,  Discussion.  —  W.  Anderson,  Matter  still  in 
progress,  1882,  146. — Dugard,  W.  H.,  Diagrams  lent  by  Prof.  Norris  of 
experiments  on  steel  and  iron  wire,  146. — Abel,  F.  A.,  Experiments  on 
carbide  of  iron  in  steel,  147 ;  relation  between  specific  gravity  of  steel 
and  percentage  of  carbon,  148 ;  tempering  of  steel  at  low  temperature, 
148. — Paget,  A.,  Annealing  of  steel  between  wrouglit-iron  plates,  149. 
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Steel,  Hardexixg  &c.  of  Steel,  Beport  on  Further  experiments  bearing  upon 
the  question  of  the  Condition  in  wliich  Carbon  exists  in  Steel,  by  F.  A. 
Abel,  1883,  5G. — Previous  stage  of  enquiry,  56. — Modes  of  annealing- 
experimental  steel  discs,  57. — Decarbonising  by  contact  witli  wrought 
iron,  57.  —  Composition  of  iron  carbide  from  annealed  steel,  58. — 
Preparation  of  chromic  acid  solutions,  GO. — Results  of  treatment  of  steel 
in  chromic  solutions,  64.— Carbon  in  cold-rolled  steel  exists  as  ii-on 
carbide,  67. 

Discussion. — Hughes,  D.  E.,  Objection  to  use  of  platinum  sieves,  68. — 
Bramwell,  Sir  F.  J.,  Analogy  between  hardened  steel  and  chilled  cast- 
iron,  68.— Abel,  F.  A.,  Relation  of  Report  to  hardening  of  steel,  69  ;  use 
of  platinum  sieves,  69 ;  analogy  between  hardened  steel  and  chilled  cast- 
iron,  70 ;  Clemendot's  experiments  on  hardening  red-hot  steel  by  pressure, 
"0.— Westmacott,  P.  G.  B.,  Valuable  record  of  experiments,  71.— Abel, 
F.  A.,  Assistance  of  Mr.  Deering,  71. 
Steel  Plant,  Paper  on  Bessemer  Steel  Plant,  with  special  reference  to  the 
Erimus  Works,  by  C.  J.  Copeland,  1881,  627.— Cupolas  and  metal  ladles, 
627. — Spiegel  cupolas,  converters,  and  tipping  gear,  628.— Casting  crane, 
ingot  cranes,  draining  of  crane  pits,  accumulator,  629.— Pumping  engines, 
blowing  engines,  lime  iufuser,  630.— Changing  of  converters,  relining  of 
ditto,  utilising  waste  heat  from  ditto,  631. — Turner's  marine  boiler,  632. 

-D/scMssjon. —Copeland,  C.  J.,  Disuse  of  spiegel  crane,  632.— Walker,  B., 
Comparison  of  ingot  crane  with  other  constructions,  632 ;  advantage  of 
compound  blowing  engines,  634  ;  new  blowing  engines  for  Hayange,  635  ; 
best  form  of  steam-jacket,  636 ;  changing  or  rehning  of  converter,  636  ; 
mode  of  lining  for  bottom  of  converter,  637  ;  marine  boiler  a  mistake  for 
steel  works,  637.— Adamson,  D.,  Piston-valves  for  blowing  engines,  637  ; 
economy  of  water  in  hydraulic  cranes,  638;  comparison  between  marine 
and  Lancashire  boilers,  638.— Cochrane,  C,  Advantages  of  Root's  boiler 
for  ironworks,  640.— Crampton,  T.  R.,  Purification  of  feed  water,  640.— 
Head,  Jeremiah,  Conversion  of  ironworks  into  steelworks,  640  ;  iron  rails 
superseded  by  steel,  641;  iron  and  steel  for  shipbuilding,  641.— Bell,  I.  L., 
Greater  power  required  for  rolling  steel  than  iron,  642  ;  supersession  of 
acid  process  by  basic  in  manufacture  of  iron,  642  ;  long  cylindrical  boiler 
for  ironworks,  643;  temperature  of  products  of  combustion,  644.— Bennett, 
P.  D.,  Good  iron  castings  less  liable  to  crack,  644.— Walker,  n..  Df-st 
hard  qualities  of  iron  are  most  liable  to  crack,  645.— Cowper,  E.  A., 
Relative  advantages  of  water-tube  and  Lancashire  boilers,  615;  experiments 
on  power  for  rolling  steel  and  iron,  615;  steel  for  railway  sleepers,  646.— 
Copeland,  C.  J.,  Working  of  ingot  cranes,  646 ;  economy  and  advantages 
of  Turner  marine  boiler,  647 ;  power  for  rolling  steel  and  iron  raUs,  648.— 
Bell,  I.  L.,  Lower  temperature  in  rolling  steel  rails,  648. 
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Steel  Plates,  Flanging  cold  by  hydraulic  pressure,  1SS2,  52S.     See  Flanging 

Steel  Plates. 
Steel,  Tempered,  Paper  on  the  IMolecular  Eigidity  of  Tempered  Steel,  by  D.  E. 
Hughes,  1883,  72. — Application  of  induction  balance  to  molecular 
constitution  of  iion  and  steel,  72. — Apparatus  employed,  73. — Effect  of 
torsion  upon  iron  wire,  75. — Torsion  is  of  molecules,  not  of  whole  mass,  75. 
— Molecular  rigidity  of  tempered  steel,  76. — Retentive  or  coercitive  force 
of  iron  and  steel,  77. — Effect  of  vibration  iu  freeing  iron  wire  from 
remaining  magnetism,  78. — Illustration  by  means  of  iron  filings  in  glass 
bottle,  79. — Hard-drawing  does  not  diminish  molecular  freedom  of  iron,  80. 
— Great  physical  change  produced  in  iron  by  carbon  alloy,  and  augmented 
by  tempering,  80. 

Discussion. — Hughes,  D.  E.,  Experiments  shown  in  illustration  of 
subject,  81 ;  difference  of  molecular  condition  in  two  pieces  of  same  metal, 
81 ;  great  effect  of  slightest  torsion  upon  iron,  82  ;  induction  balance 
produces  effects  entirely  by  electricity,  83;  iron  filings  in  bottle  lose 
magnetism  when  free  to  move,  keep  it  when  held  rigid,  83  ;  iron  rod  loses 
magnetism  under  jar  or  vibration,  but  steel  retains  it,  84 ;  weak 
magnetisation  is  more  retained  by  iron  than  by  steel,  Si ;  torsion  produces 
greatest  effects  upon  magnetisation  of  iron,  but  far  less  in  steel,  85  ;  alloy 
of  carbon  necessary  for  enabling  a  metal  to  harden  when  tempered,  86  ; 
molecules  in  solid  iron  turn  far  more  freely  than  loose  filings  in  bottle,  87; 
scale  of  rigidity  for  Lron  and  steel  of  different  hardnesses,  87. — Preece, 
W.  H.,  Electrical  purposes  require  steel  as  strongly  magnetic  as  possible, 
88 ;  great  improvement  iu  strength  of  steel  magnets,  88 ;  Clemendot's 
process  of  hardening  red-hot  steel  by  compression,  89  ;  strength  of  Gower 
mugnets  suggests  improvement  of  iron,  89. — Bramwell,  Sir  F.  J.,  What 
size  of  steel  dealt  with  in  Clemendot's  process,  90. — Preece,  W.  H.,  Small 
pieces  of  steel,  pressed  between  metallic  surfaces,  90. — Bramwell,  Sir 
F.  J.,  Hardening  probably  produced  by  contact  with  cold  surfaces,  90. — 
Paget,  A.,  Complete  hardening  of  thin  steel  by  contact  with  cold  iron  plates 
without  pressure,  90. — Schouheyder,  "W.,  Forging  of  compressed  steel 
without  loss  of  hardness,  91. — Bramwell,  Sir  F.  J.,  Effect  of  oil-tempering 
on  steel,  91. — Kennedy,  A.  B.  W.,  Do  results  obtained  with  wire  hardened 
by  drawing  hold  good  for  larger  specimens  not  so  hardened,  91. — Hughes, 
D.  E.,  Same  results  from  large  bars  as  from  wires,  91 ;  steel  sufl5ciently 
compressed  will  retain  magnetism  without  tempering,  92. — Westmacott, 
P.  G.  B.,  Value  of  paper  and  experiments,  92. 
Steel  "Works,  Siemens,  Landore,  1874,  241.    See  Landore. 

Steel  "Works,  visited  at  Glasgow  meeting ;  Steel  Company  of  Scotland,  1879, 
573. — A'isited  at  Barrow  meeting;  Barrow  Hematite  Company,  1880, 
481-3. — Visited  at  Summer  meeting,  Belgium ;  see  Iron  and  Steel  Works. 
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•Steele's  Compressed-Aie  Brake  for  railway  trains,  1S7S,  79,  94. 

Steering  Gear,  Hydraulic,  1S74,  37. 

Stephexs,  jM.,  elected  Member,  1874,  256. 

Stephexsox,  J.,  elected  Graduate,  1S74,  257. 

Stephexsox,  J.  G.  L.,  elected  Graduate,  1879,  38. 

Stephexsox  Safety  Lajip,  1879,  221.    See  Safety  Lamps. 

Stebxe,  L.,  elected  Member,  1876,  57. 

Steel  Boiler  Experiments,  1878,  243. 

Stevabt,  a.,  Note  on  Ateliers  de  la  Meuse  Engine  Works,  1883,  534. 

Stevexs,  a.  J.,  elected  Member,  1875,  65. 
Ventilator,  Boots'  Mine,  1877,  112. 

Stevexsox,  G.  W.,  elected  Member,  1878,  31. 

Stewart,  A.,  elected  Member,  1877,  165. 
Ventilator,  Boots'  Mine,  1877,  112. 

Stewart,  C.  B.,  elected  Vice-Bresident,  1875,34.— 1876,26.— 1877,25.— 1878,  29. 
—1879,  36.— 1882,  32.— Decease,  1882,  253.— 1883,  36.— Memoir,  1883,  27. 

Stewart,  D.,  elected  Member,  1878,  108. 

St.  Gothaed  Eailway,  1883,  463,     See  Eailwav,  St.  Gothard. 

St.  Gothakd  TrxifEL,  1883,  156.     See  Tunnel,  St.  Gothard. 

Stilemax,  F.,  Docks,  Barrow-in-Furness,  1880,  333. 

Stile3iax,  F.  C,  Docks,  Barrow-in-Furness,  Paper  on  the  Docks  and  Bailway 
Approaches  at  Barrow-iu-Furness,  1880,  324. 

Stiklixg,  J.,  elected  Member,  1880,  186. 

Stockton  axd  Daklington  Eailway,  original  gauge,  1875,  81. 

Stoker,  F.  W.,  elected  Member,  1875,  189. 

Stokes,  A.  A.,  elected  Member,  1877,  26. 

Stoxe-Dressixg  Machinery,  Taper  on  Stone-Dressing  Machinery,  by  J.  D. 
Brunton  and  F.  Trier,  1881,  133. — Use  of  circular  rotating  cutters  to  chip 
stone,  133. — Application  to  turning  granite,  134. — "Wear  by  attrition,  134. 
— Frinciple  of  driving  the  cutters  independently,  134. — Description  of 
revolving  chuck  and  cutters,  135. — Arrangement  of  cutters  in  steps, 
136. — Material  of  cutters  for  ditferent  stones,  137. — Rate  of  dressing 
138. — General  construction  of  dressing  machine,  138. 

Discussion. — Trier,  F.,  Travelling  tables  for  bringing  up  stone,  139  ; 
play  in  clutches  driving  cutters,  140. — Cowper,  E.  A.,  Have  machines 
been  used  for  millstone  grit,  140. — Trier,  F.,  Cast-iron  cutters  for  "rit  ; 
wear  and  changing  of  cutters,  140. — Crampton,  T.  E.,  Eelative  cost  of 
hand-labour  and  machine,  141. — Trier,  F.,  Cost  reduced  to  one-third  in 
hard  gritstone,  141. — Williams,  E.  F.,  Will  machines  dress  any  but  plane 
surfaces,  141. — Trier,  F.,  Turning  granite  columns,  and  cutting  panels. 
141. — Brunton,  J.  D.,  Turning  of  granite  columns,  and  dressing  of 
millstones,  141. — Bale,  M.  F.,  Speeds  and  angles  of  cutters  for  different 
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stones,  142 ;  unequal  wear  of  cutters,  142. — Brunton,  J.  D.,  Inclination  of 
cutter  is   45°  for   all   stones,    143 ;    speed,  the   faster   the   better,  143 ; 
variation   in   wear   of  cutters,  143;   fine  surface  produced  by  machine, 
143.— Trier,  F.,  Angles  for  cutting  edge  of  cutters,  144.— Cole,  J.  W., 
Have  French  burr  stones  been  dressed,  144, — Brunton,  J,  D.,  Successful 
dressing  of  such  stones,  144. 
Storey,  J.  H.,  decease,  1884,  3.— Memoir,  72, 
Stothert,  G.  K,,  elected  Member,  1877,  299. 
Stow  Flexible  Shaft  for  drilling  in  any  position,  1878,  GIO. 
Streatfeild,  M,  a.,  elected  Graduate,  1884,  80. 

Strength  of  Cast-Iron  Engine-Beams,  Experiments,  1882,  531.    See  Beams. 
Strength  of  Shafting,  1883,  182.    See  Shafting. 

Strong,  G,  S,,  Feed-Water  Heater  and  Filter,  Paper  on  a  Feed-Water  Heater 
and  Filter  for  Stationary  and  Locomotive  Boilers,  1881,  539, — Eemarks, 
545,  550. 
Stronge,  C,  elected  Member,  1884,  2. 
Stroedley,  W.,  Brakes,  Automatic  Action,  1880,  137. 

Locomotives,  Compound,  1883,  459. 
STRECTrRE  OF  Cast-Steel  Ingots,  1880,  152.    See  Steel,  ChcruolTs  Papers. 
Strype,  W.  G.,  Docks,  Barrow-in-Furness,  1880,  330, 
Stuart,  J,,  elected  Associate,  1878,  558. 
Sturgeon,  J.,  elected  Member,  1882,  255, 

Accidents,  Mine,  Mechanical  Appliances  for,  1877,  342. 
Subaqueous  Eock-Boring  Machinery,  1875,  104, 
Subjects  for  Papers.     See  Papers,  Subjects  for. 

Sugar,  Paper  on  the  Manufacture  of  Sugar  in  Belgium,  by  A,  Melin,  1883,  368. 
—  Cultivation  of  beet-root,  3C9.  —  Analysis  of  substances  occurring 
in  manufacture,  374,  —  Products  of  manufacture,  376. —  Operations 
preliminaiy  to  manufacture,  383. — Extraction  of  juice  by  hydraulic 
pressure,  385. — Rasping,  385. — Pressing,  380.—  Extraction  of  juice  by 
diffusion,  389. — Eoot-cutter,  390. — Diffusion  battery,  391. — Slice-j^resses, 
Klusemann's,  392 ;  Bergreen's,  393 ;  Selwig  and  Lange's,  393 ;  Eussian 
pump,  393. — Course  of  operations  in  diffusion  battery,  393. — Method  of 
taking  excise,  39G. — Separate  rasping  works,  397. — Defecation,  398. — 
Double  carbonatation,  400. — Manufacture  of  lime  and  carbonic  acid,  401. 
— Treatment  of  scum,  402. — Filtration,  403. — Eevivification  of  charcoal, 
405. — Evaporation  of  juice,  406. — Advantages  of  triple-action  cvapuratorf, 
409. — Boiling,  409.— Centrifugal  separation,  412. — Osmosis  of  molasses, 
414. — Tabular  analyses  showing  comjwsition  of  juice  and  of  products, 
416. — Analyses  of  bye-products,  417.  —  Mode  of  valuing  sugar,  418. — 
Statistics,  419, 
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ScGAE  Eefixery,  visitcd  at  Glasgow  meeting;  Lyle,  Greenock,  1S70,  577. 
ScGDEX,  T.,  elected  Member,  18S2,  IG. 
SrjDtER  ^Ieetixgs  of  Institution  : — 

Cardiff,  1874,  101. 

Manchester,  1875,  189. 

Birmingham,  1876,  197. 

Bristol,  1877,  165. 

Paris,  1878,  293. 

Glasgow,  1879,  395. 

Barrow,  1880,  309. 

Xewcastle-on-Tyne,  1881,  407. 

Leeds,  1882,  251. 

Belgium,  1883,  307. 

Cardiff,  1884,  197. 
ScxDERLAXD,  Bridges,  Docks,  and  Works,  visited  at  Newcastle  meeting,  ISSl, 

615-618. 
Supplement AEY  Goverxoe,  1884,  157.     See  Engine  EecorJer. 
ScTCLiFFE,  F.  J.  E.,  elected  Member,  1875,  65. 
ScTTOX,  J.  W.,  elected  Member,  1883,  179. 
ScTTOX,  T.,  elected  Member,  1880,  489. 
SwAiNE,  J.,  elected  Member,  1882,  476. 
Swale,  G.,  elected  Graduate,  1883,  34. 
Swan,  J.  W.,  elected  Member,  1884,  199. 

Swan's  Electric  Light,  shown  at  Newcastle  meeting,  1881,  612. 
SwiiDiiNG  Bath.  FLOATCfG,  1875,  134.    ,S'«e  Bath,  Floating  Swimming. 
Stvtnbubne,  W.,  elected  Member,  1882,  255. 
Swdcgler,  T.,  decease,  1874,  2. — ^Memoir,  24. 
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Taff  Vale  Eailwat,  Locomotive   Shops,  1SS4,   363.      Locomotive  Eunning 

Shed,  1884,  243.     See  Locomotive  Eunning  Shed. 
Taite,  J.  C,  elected  Member,  1878,  31. 
Tandy,  J.  O'B.,  elected  Member,  1882,  255. 
Tangye,  G.,  elected  Member,  1875,  65. 
Tanntitt,  T.,  decease,  1878,  22. — Memoir,  15. 
Tabtt,  W.,  elected  Member,  1879,  583. 

Petroleum  Fuel  in  Locomotives,  1884,  304. 
T.ATHA3I,  G.,  Mayor  of  Leeds,  Welcome  to  members  at  Leeds  meeting,  1882.  251. 
Taunton,  R.  H.,  elected  Member,  1876,  197. 
Tayler,  a.  J.  W.,  elected  Associate,  1882,  476. 
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Taylor,  A.,  elected  Graduate,  1874,  257, 

Taylor,  C.  D.,  decease,  1877,  3.— Memoir,  22. 

Taylor,  G.,  decease,  1876,  3. — Memoir,  24. 

Taylor,  H.  E.,  elected  Member,  1874,  27. 

Taylor,  John  (London),  decease,  1882,  17. — IMemoir,  13. 
Eock-Drilling  Machinery,  1874,  92. 

Taylor,  Joseph,  elected  Graduate,  1884,  2. 

Taylor,  J.  S.,  elected  Member,  1875,  36. 

Taylor,  M.,  elected  Graduate,  1884,  199. 

Taylor,  P.,  elected  Member,  1874,  256. 

Taylor,  E.,  decease,  1884,  3. — Memoir,  73. 

Power  Transmission,  Note  on  use  uf  flat-rods  for,  1881,  100. 

Taylor,  K.  H.,  elected  Member,  1882,  255. 

Taylor,  T.  A.  O.,  elected  Member,  1882,  255. 

Taylor,  W.,  elected  Member,  1883,  310. 

Taylor,  W.  C,  elected  Member,  1877,  72. 

Taylor,  W.  H.  O.,  elected  Member,  1876,  197. 

Taylor's  Hydrallic  Press  for  pressing  cotton,  1878,  46. 

Telodyxamic  Transmission  of  Power  by  quick-running  light  wire  rop:-,  Ilirii'a 
system,  1874,  56. 

Tempering  of  Steel  Boiler  Plates,  1878,  226. 

Templeton,  E.  a.  S.,  elected  Graduate,  1884,  409. 

Tennant,  J.,  decease,  1879,  22. — Memoir,  17. 

Terre  Xoire  Works,  manufacture  and  properties  of  steel,  1880,  173,  175,  182. 

Terry,  S.  H.,  elected  Member,  1882,  476. 

Testing  Ccrrent-Meters,  Paper  on  the  Apparatus  used  for  Testing  Current- 
Meters,  at  the  Admiralty  "Works  at  Torquay  for  experimenting  on  models 
of  ships,  by  E.  Gordon,  1884,  190. — Description  of  tank  and  railway,  100. 
— Eecordiug  and  measming  apparatus,  190. — Dynamometer,  191. — Towing 
arrangement,  191. —  Hauling  engine,  192. —  Fronde's  goYernor,  192. — ■ 
Speedle,  193. — Eate-curves  and  master  curve,  194. — Plan  adopted  for 
eliminating  errors,  194. 

Discussion. — Gordon,  E.,  Accuracy  and  adjustment  of  governor,  195. 

Testing  nf  iron  and  steel.    See  Steel  Boiler  Experiments. 

Testing  Machine,  Paper  on  a  Single-Lever  Testing  Machine,  by  J.  H. 
Wicksteed,  1882,  384. — Principles  of  dead-weight  testing  machines,  384. — 
Novelties  in  single-lever  testing  machine,  386. — Construction  of  machine, 
387. — Clips  for  holding  sample,  387. — Steady  motion  by  hydraulic  screw 
compressor,  388. — Lever,  and  graduation,  388. — Testing  of  deflection  or 
compression,  390. — Advantages  of  single-lever  testing  machine,  390. 

Discussion. — Westmacott,  P.   G.   B.,   Pressure  on  knife-edges,   391. — 
Cochrane,  C,  Eapidity  of  testing,  391. — Head,  J.,  Belt  power  for  working 
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Testing  Machixe  (continued). 

machine,  391 ;  shape  of  clips  for  holding  sample,  391. — Williams,  E. 
Price,  Accuracy  of  machine,  392 ;  mechanical  record  of  extension  wanted, 
392. — Kitson,  J.,  Jun.,  Holding  of  sample  by  pins  or  by  clips,  392. — 
Greig,  D.,  Necessity  for  proper  testing,  393. — Adamson,  D.,  Difference 
between  single-lever  and  multiple-lever  testing  machine,  393 ;  multiple- 
lever  machine  of  one  thousand  powers,  394  ;  speed  of  testing,  394  ;  grip- 
box  preferable  to  pins  for  holding  sample,  395;  attachment  of  load  too 
close  to  fulcrum,  396  ;  method  of  testing  with  multiple-lever  machine,  396  ; 
elongation  should  be  accurately  taken,  398  ;  higlier  limit  required  for  pull, 
398. — AValker,  B.,  Practical  value  of  testing  machine,  399. — Paget,  A., 
Pins  or  grip-boxes  for  holding  sample,  399 ;  errors  through  defective 
holding,  400 ;  degree  of  accuracy  in  measurement  of  extension,  400 ;  speed 
of  testing,  400. — Halpin,  D.,  Friction  in  testing  machine,  401 ;  diagram- 
recording  apparatus,  401 ;  speed  of  testing  immaterial,  401 ;  necessity  of 
continued  testings,  401. — Wicksteed,  J.  H.,  Holding  sample  by  pins  or  by 
clips,  402  ;  swivelling  clips,  403. — Westmacott,  P.  G.  B.,  Are  swivel-boxes 
lubricated,  403. — Wicksteed,  J.  H.,  Lubrication  not  needel,  403 ;  facility 
of  testing  accuracy  of  machine,  403 ;  sjoeed  of  testiug,  404 ;  relative 
unrecorded  strain  in  single-lever  and  in  multiple-lever  machine,  405 ; 
measurement  of  extension,  405 ;  higher  cost  of  larger  testing  machine, 
405  ;  floating  of  lever  end,  400  ;  diagram-recording  apparatus,  407  ; 
sensibility  of  testing  machine,  407. — Westmacott,  P.  G.  B.,  Well-considered 
piece  of  mechanism,  407. 

Th.\.ksis  Sclphl'r  axd  Copper  Works,  Cardiff,  1884,  366. 

Thom,  W.,  elected  Member,  1877,  72. 

Thomas,  J.  L.,  Power  Transmission  by  Kopes,  1874,  66. 
Eock-Drilling  Machinery,  1874,  93. 

Thomas,  W.  H.,  elected  Member,  1874,  256. 

Water  Meter,  Paper  on  Barton  and  West's  piston  Water  Meter,  1879,  444. 
Water  Pressiire,  Faper  on  Barton  and  West's  Water-Pressure  Eeducer. 
1879,  434. 

Thomas'  Needle  Wokks,  Eedditch,  1876,  337,  341. 

Tno^rpsoN,  J.,  elected  Member,  1875,  315. 

Thompson,  E.  C,  elected  Member,  1883,  33. 

Thompson,  T.  W.,  elected  IMember,  1880,  489. 

Thomson,  D.,  elected  Member,  1879,  583. 

Thomson,  James,  Dredger,  Vertical-action,  1879,  557. 
Flow  round  Eiver  Bends,  1879,  456. 

Thomson,  J.  M.,  elected  Member,  1875,  315. 

Thomson's  India-Eceber  Tykes,  1879,  494,  497,  505,  512.   See  Traction  Engines. 

Thoms,  G.  E.,  elected  Member,  1875,  315. 
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Thoexburt,  TV.  H.,  Jrx.,  elected  Member,  1880,  310. 

Thoexe's  Poetarle  Deillixg  Machixe,  1878,  573. 

Thoexton,  F.  S.,  decease,  1877,  3. — Memoir,  23. 

Thoextox,  F.  W.,  elected  Member,  1877,  72. 

Thorxtox,  H.  E.,  elected  Member,  18.-^2,  16. 

Thoextcroft,  J.  I.,  elected  Member,  1876,  28. 
Bath,  Floating  Swimming,  1875,  152, 
Boiler,  Lancashire,  1876,  116. 
Eock-Drill,  Diamond,  1875,  113. 

Tho-w,  W.,  elected  Member,  1882,  255. 

Theashixg  ]\Iachixe3,  Paper  on  Thrashing  Machines,  by  W.  W.  Beaumont,  1881, 
369. — Operations  performed  in  thrashing,  370. — Eansomes'  machine,  371. 
— Clayton  and  Shuttleworth's  machine,  377. — Garrett's  machine,  379. — 
Davey  Paxman  and  Co.'s  machine,  381.  —  Gibbons'  machine,  382. — 
Eobey's  machine,  383.  —  Other  makers,  3S4.  —  General  constants  for 
thrashing  machines,  384. — Constant  for  shakers,  386. — Constant  for  caving 
riddles,  388. — Constant  for  lower-shoe  sieves,  389. — Constant  for  second- 
dressing  shoe  sieves,  390.  —  Fans,  first-hla^t  and  second-blast,  390. — 
Screens,  391. — Driving  power  required,  391. — Appendix,  di-um  guards, 
392. 

Discussion. — Beaumont,  "W.  "W.,  Steel  locking-plates,  beaters,  drum 
guards,  and  coefficients,  396. — Head,  Jeremiah,  Advantages  of  thrashing 
machine  over  flail,  396;  use  of  fan-blast  elevator,  398;  iron  or  steel  frames 
in  place  of  wood,  398. — Eich,  W.  E.,  Power  consumed  in  thrashing,  398; 
uniformity  of  dimensious  in  thrashing  machines,  399  ;  use  of  wooden 
connecting-rods  or  links,  399.— Cowper,  E.  A.,  Effect  of  diagonal  feeding, 
399. —  Eich,  "W.  E.,  Different  modes  of  feeding,  400.  —  Pendred,  Y., 
Scientific  points  connected  with  thrashing  machines,  400;  synchronous 
oscillation  for  reciprocating  shoes,  401;  shaking  com  by  blows,  402. — 
Beaumont,  W.  W.,  Increased  number  of  screenings,  403;  fan-blast 
elevator,  403 ;  substitution  of  iron  or  steel  for  wood  in  thrashing  machines, 
403  ;  length  of  di-um,  404  ;  mode  of  feeding,  405  ;  drum-spindles  run  cool, 
405 ;  length  of  oscillating  liangers,  405.— Cowper,  E.  A.,  Weighing  corn 
into  sacks,  405. — Beaumont,  W.  W.,  Automatic  weighing  by  separate 
machine,  405. — Cowper,  E.  A.,  Elastic  wooden  connections  in  place  of 
joints,  406. 

Theee-Cylixder  Exgixe,  BEOTnEEHOOD's,  Compressed- Air,  1874,  224.  — 
Hydraulic,  1874,  173,  183,  184.— Steam,  1875,  126,  130. 

Thwaites,  a.  H.,  elected  Member,  1884,  199. 

Thwaites,  W.  H.,  elected  Member,  1875,  315.— Decease,  1883,  36.— Memoir,  28. 

TiLFOUED,  G.,  elected  Associate,  1884,  409. 

Tdimins,  S.,  Watt,  Inventions  of  James  "Watt,  1883,  625,  630. 
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Timns,  I.  A.,  elected  Member,  1884,  199. 

Eailway  Electric  Signals,  Paper  on  the  application  of  Electro-Magnets  to 
the  working  of  Eailway  Signals  and  Points,  1884,  444.— Eemarks, 
454,  46G. 
Tina  or  Vat  Process  for  Amalgamation  of  Silver  Ores,  1SS4,  257.     See  Silver 

Ore  Amalgamation. 
TixPLATE  Works,  Landore,  refinery,  forge,  rolling  mill,  and  preparing  and  tinning 

plates,  1874,   246. — Coatbridge,  visited   at   Summer  meeting,   Glasgow, 

1879,  576. — Abercarn,  visited  at  Summer  meeting,  Cardiff,  1884,  359,  392. 
Tips  for  discharging  coal,  Balance,  1874,  125. — Hydraulic,  1874,  126. 
Tobacco  Maxcfactort,  Paris,  visit  to,  1878,  549. 
ToLME,  J.  H.,  decease,  1879,  22. — Memoir,  17. 
ToiiKES's,  E.,  decease,  1 877,  3. — Memoir,  23. 
T03IKIXS,  W.  S.,  elected  Member,  1875,  65. 

Injector,  Automatic,  1884,  178. 

Petroleum  Fuel  in  Locomotives,  1884,  314. 
ToMLixsox,  J.,  elected  Member  of  Coimcil,  1880,  24. — 1883,  53. 

Brakes,  Automatic  Action,  1880,  136. 

Brake,  Automatic  Screw-Bnike,  1882,  510. 

Brakes,  Continuous,  for  railway  trains,  1878,  87,  91,  92,  93. 

Brakes,  Effect  of,  upon  railway  trains,  1878,  483. 

Compressed-Air  Engines  for  Tramways,  1881,  G74,  675. 

Docks,  Cardiff,  1884,  240. 

Locomotive,  Brown's  Tramway,  ISSO,  74. 

Locomotives,  Compound,  1879,  319. 

Locomotives,  Francq's  Fireless,  for  Tramways,  1879,  G29. 

Locomotives,  Fuel  Consumption,  1884,  105,  116,  117. 

Locomotive  Running  Shed,  1884,  253. 

Petroleum  Fuel  in  Locomotives,  1884,  299. 
TouLOX  Hydraulic  Machinery,  1878,  346.     See  Hydraulic  Machinery,  Toulon. 
Tower,  B.,  elected  Member,  1883,  33. 

Friction,  First   Report  on  Friction  Experiments,  1883,  632. — Remarks, 
1884,  29,  34. 
Traction  rpox  Tramways.     See  Tramways,  IMechanical  Traction,  1878,  395. — 

Compressed-Air  Engines  for  Tramways,  1881,  649. 
Teaction  Engines,  Paper  on   the  working  of  Traction  Engines  in  India,  by 

E.  E.  B.  Crompton,   1879,   494. — Advantages  of  rubber-tyred  traction 

engines,  494. — Description  of  engines  used  in  India,  495. — Wheels,  rubber 

tyres,  and  shoes,  497. — Tender,  fuel,  and  water,  498. — History  of  trials, 

499. — Prevention  of  oscillation  in  rear  part  of  train,  502. — Wrought-iron 

axle-boxes,  502. — Working    cost,   502. — Breakage    of   crank-shafts  and 

counter-shafts,  504. — Wear  of  rubber  tyres,  505. — Speed  and  regularity. 
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TiiACTiON  Engines  (continued). 

506. — Load,  506. — Anomalous  results  as  to  road  friction,  508. — Conclusions, 
508. — Importance  of  cheap  haulage  by  traction  enghies,  509. — Appendix, 
dimensions  of  engines,  510. — Working  of  engines,  and  analysis  of  working 
expenses,  511. — Wear  of  rubber  tj'res,  512. — Speeds,  512. 

Discussion. — Crompton,  K.  E.  B.,  Cost  of  transport  in  India  and  in 
England,  513 ;  cost  of  traction  on  tramways,  514 ;  advantages  of  traction 
engines  as  against  tramways,  515. — Muirhead,  R.,  Mode  of  discharging 
exhaust  steam,  515;  wear  of  india-rubber  tyres,  516;  employment  of 
native  drivers  in  India,  51 6. — Head,  Jeremiah,  Working  of  '  coffee-pot ' 
shunting  engine,  516 ;  mode  of  discharging  exhaust  steam,  517.  — 
Crompton,  E.  E.  B.,  Particulars  of  blast-pipe,  517. — Brodie,  J.  S.,  Wear 
of  driving  chains  in  steam  road  rollers,  517 ;  cheapest  fuel  is  gas  coke, 
518. — Buckley,  R.  B.,  Great  question  regarding  traction  in  India  is  the 
cost,  518 ;  capabilities  of  native  drivers,  518 ;  cost  of  different  modes  of 
carriage  in  India,  519. — Losada,  Capt.,  Working  of  rubber-tyred  traction 
eiif^ines  in  Glasgow,  520  ;  requirements  of  tramway  working,  520  ;  cost  of 
"worliing  Glasgow  tramways,  522;  compressed-air  system,  522. — Cowper, 
E.  A.,  Early  history  of  steam  traction  upon  common  roads,  522;  differential 
gearing  for  turning  corners,  523  ;  cost  of  steam  traction  in  England,  524  ; 
prevention  of  noise  from  blast-pipe,  524 ;  india-rubber  tyres  would  save 
wear  and  tear  of  engine,  524. — Browne,  B.  C,  Prevention  of  noise  from 
blast-pipe,  525 ;  means  of  rendering  exhaust  steam  invisible,  526 ;  cost  of 
goods  carriage  on  tramways,  526;  obstacles  to  use  of  traction  engines, 
526. — Hughes,  G.  D.,  Durability  of  exhaust  baffle-box,  527 ;  injury  to 
roads  by  ordinary  traction-engine  tyres,  527. — Paget,  A.,  Injury  to  roads 
owing  to  bad  form  of  tyres,  528. — Alley,  S.,  Steam  traction  on  Vale  of 
Clyde  tramways,  528. — Kennedy,  A.  B.  W.,  Working  of  traction  engines 
along  country  roads  in  south  of  Scotland,  528 ;  wear  of  india-rabber  tyres, 
529 ;  conditions  for  advantageous  working  of  traction  engines,  529 ; 
specially  adapted  for  very  heavy  haulage,  529. — Chapman,  H.,  Working 
of  rubber-tyred  engine  in  Paris,  530  ;  use  of  black  lead  for  preventing  wear 
of  tyres,  530. —  Crompton,  R.  E.  B.,  Prevention  of  wear  of  tyres  in  India, 
530  ;  wear  of  road  quite  imperceptible,  530;  mode  of  discharging  exhaust- 
steam,  531 ;  necessity  for  gearing,  and  amount  of  noise,  531 ;  excellence  of 
native  drivers,  532 ;  cost  of  carriage  higher  through  trains  being  not 
always  full,  532  ;  noise  of  blast,  and  durability  of  baffle-box,  532 ;  wear  of 
rubber  tyres,  533 ;  advantages  of  ditto,  533. 

Tr.^de  op  Antwerp,  Notes  on,  1883,  557.     ^^ee  Antwerp. 

Tkaffic,  Railway,  Economy  of,  1879,  96.     See  Railway  Working. 

Teaill,  T.  W.,  Riveted  Joints,  1881,  264. 

Tramways,  Comprcssed-Air  Engines  upon  Tramways.    See  Compressed  Air. 
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Tbamway  Locomotives.  Brown's,  1S79,  526,  628,  630. — 1880,  44.  France's 
Fireless,  1879,  610,— 1880,  37.  Hughes',  1879,  521,  524,  528,  571,  637.— 
1880,  57-62.  Moncrieft"'s  Compressed-Air,  1879,  522.  See  Tramways, 
Mechanical  Traction.  LocomotiTe,  Brown's  Tramway.  Locomotives,. 
Fireless.     Traction  Engines.     Compressed-Air  Engines. 

Tkamwats,  Mechanical  Tkaction,  Paper  on  Mechanical  Traction  upon 
Tramways,  by  A.  Mallet,  1878,  395.— Objects  aimed  at  in  substituting 
mechanical  power  for  human  or  animal  labour,  395. — Great  difference 
between  applying  steam  to  tramways  and  to  railways,  395. — Eesistance  of 
traction  on  tramways  greater  than  on  railways,  396. — Light  trains  at  short 
intervals  necessary  for  tramways,  396. — Indispensable  conditions  for  a 
tramway  engine,  397. — Secondary  conditions  for  ditto,  397.— Points  on 
wliich  economy  may  arise  in  favour  of  mecliauical  power  as  against  horses, 
■  398. — Conditions  of  traction  determine  which  should  be  used,  398. — 
Advantage  with  horses  from  the  great  range  of  power  which  Ihey  can 
exert,  399.  —  Question  wliether  btationary  or  locomotive  engines  are 
best,  399. — Tramways  worked  by  ropes,  399. — Tramways  worked  hy 
compressed-air  engines,  401. — Working  expenses  of  Mekarski's  system,  403. 
— Economy  as  compared  with  locomotives,  404. — Tramways  worked  by 
liot-water  engines,  405. — Theory  of  the  action  of  sucli  engines,  406. — 
Tramways  worked  direct  by  steam  engines,  409. — Comparison  between 
automatic  cars  and  separate  engines,  410. — Tramway  engines  as  employed 
in  France,  411. — In  Belgium,  414.— In  Switzerland,  415. — In  Germany, 
415. — General  conditions  and  results,  416. — Working  expenses  of  tramway 
locomotive,  418. 

Discussion. — Jakeman,  C.  J.  W.,  Ecason  for  lightness  of  first  Meriy- 
weather  engines  in  Paris,  420. — Tresca,  H.,  Question  whether  driving 
power  should  form  part  of  tramcar  or  be  a  separate  engine,  420 ; 
experiments  on  coefficient  of  traction,  421  ;  construction  of  road  very 
important,  422. — Brown,  C,  Separate  engine  is  best  where  the  gradients 
are  heavy,  422 ;  much  depends  upon  state  and  class  of  rail,  423  ; 
description  of  Marsillon's  rail,  423. — Hughes,  H.,  Locomotive  type  best 
for  tramway  engines,  423 ;  question  is  one  Of  cost,  424  ;  working  expenses 
at  Glasgow,  424  ;  particulars  of  engine  used  there,  425 ;  no  advantage  in 
compressed  air  over  steam,  420. — Robinson,  J.,  Not  so  much  dust  in 
Glasgow  as  in  Paris,  426. — Paget,  A.,  Mr.  Hughes'  method  of  condensing 
steam  and  using  no  blast,  426. — Hughes,  H.,  No  difficulty  has  been  found 
in  condensation,  427. — Bell,  I.  L.,  Condensing  arrangement  at  Leeds,  427. 
— Hughes,  H.,  Method  of  condensation,  428.— Eoss,  J.  A.  G.,  Method  of 
working  by  combination  of  hydraulic  system  and  compressed-air  system,. 
428. — Crompton,  E.  E.  B.,  Experience  with  traction  engines  worked  in 
India,    430;     heavy    item     for     repairs     on     account     of    dust,     430; 


•220  T. 

TcAirwATS,  Mechanical  Traction  (continued). 

essential  for  tramway  engines  that  their  first  cost  should  be  reduced, 
431. — Head,  Jeremiah,  Peculiarity  in  construction  of  bearings  in 
engines  built  by  Mr.  Hughes,  432. — Hughes,  H.,  Engine  travels  75  miles 
per  day  regularly  in  Glasgow,  432. — Williams,  K.  P.,  Comparison  between 
working  expenses  of  different  systems,  432. — Greig,  D.,  Cost  of  construction 
too  great  at  present,  433  ;  weight  of  engine  too  light,  434. — Markham,  C, 
Difficulty  as  to  permanent  way  might  be  avoided  by  adopting  Barlow 
rail,  434. — Holt,  "W.  L.,  General  requirements  for  good  tramway  engine, 
434 ;  better  rails  wanted,  43.5 ;  experience  of  working  tramways  in 
Paris,  435 ;  condenser  not  found  necessary,  436  ;  detached  engine  preferable 
to  combined  car,  437. — Hind,  H.,  Difficulties  as  to  wear  and  prime  cost 
could  be  easily  overcome,  437. — Mallet,  A.,  Question  of  combined  or 
independent  engine,  437 ;  injurious  action  of  dust,  438 ;  construction  of 
tramways  in  Stuttgard  and  Strasburg,  439. — Kobinson,  J.,  Paper  contains 
a  useful  base  for  future  operations,  439. 

Tkamways,  Permanent  Way,  Paper  on  Permanent  Way  for  street  Tram- 
ways, with  special  reference  to  steam  traction,  by  J.  D.  Larsen,  1880,  188. 
— Origin  and  growth  of  London  tramways,  188. — Difficulty  in  api^lying 
steam  traction,  189. — Eaily  systems  of  laying  tramways,  190. — Larson's 
rails  and  side  fasteners,  192. — Screw  cramp  for  fixing  side  fasteners,  193. — 
McNeale's  side  fasteners,  193. — Sections  of  rails  for  Paris  tramways,  193. 
— Larson's  improved  system  for  steam  traction,  194. — Barker's  system, 
197.— Gowau's,  197.— Aldred's,  198.— Winby's,  198.— Wear  of  flange  in 
tramcar  wheels,  199.  —  Maekisson's  system,  199. — General  conclusions, 
200. — Cost  of 'different  systems  of  permanent  way,  201. — Tractive 
resistance  on  tramways,  202. 

Discussion. — Lynde,  J.  G.,  Comparative  cost  of  tramways,  203;  rigidity 
necessary  in  permanent  way,  203  ;  advantage  of  continuous  cast-iron 
sleeper,  204 ;  material  and  laying  of  rails,  205 ;  jjrices  of  Barker's 
permanent  way,  20G. — Papier,  E.  C.,Best  construction  should  be  preferred, 
irrespective  of  cost,  206  ;  desirability  of  wider  rail-smface,  207  ;  compressed- 
air  and  hot-water  engines  for  tramways,  208. — Eobinson,  J.,  Danger  of 
horses  slipping  on  wide  rails,  208  ;  advantages  of  Barker's  system,  209 ; 
inadequacy  of  Paris  tramways  for  steam  traction,  209  ;  engines  should  have 
short  wheel-base  and  all  wheels  coupled,  210  ;  higher  frictioual  resistance 
on  tramways  than  on  railwaj's,  210. — Kapier,  E.  C,  Tramrail  should  be  at 
least  as  wide  as  shoe  of  horse,  210  ;  iron  surface  less  slippery  than  granite, 
211. — Paget,  A.,  Iron  surface  more  slippery  than  granite,  211.— Eapier, 
K.  C,  Absence  of  slipping  on  wide  tramrails  in  Glasgow,  211  ;  description 
and  cost  of  Glasgow  tramways,  211. — Crampton,  T.  E.,  Solid  bottom 
aiecessary  for  tramroad,  212;  advantages  of  Barker's  system  as  compared 
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Tkaitwats,  Permanent  Way  (continued). 

with  Larsen's,  212;  narrower  gauge  to  be  preferred  for  tramways^ 
213.— Holt,  W.  L.,  Difficulties  of  steam  traction  in  Paris,  213 ;  wider  rail 
wanted  for  steam  than  for  horse  traction,  213 ;  advantage  of  Winby|s 
system,  214.— Head,  Jeremiah,  Elasticity  on  railways  obtained  by  Wood's- 
wrought-iron  cross  sleepers,  214  ;  not  so  much  a  question  of  material  as  of 
form,°215 ;  wooden  sleepers  inferior  to  iron,  215.— Winby,  F.  C,  Section  of 
tramrail  and  method  of  rolling,  215;  separate  head  now  unnecessary  for 
grooved  rail,  216;  3  ft.  gauge  sufficient  for  tramways,  217;  elasticity 
unnecessary  in  tramway,  217;  length  of  tramway  laid  in  one  piece,  217  ; 
width  of  rails,  grooves,  and  wheel  flanges,  217 ;  tramways  as  laid  in 
Nottingham,  217.— Williams,  K.  P.,  Eudui-ance  of  tramways  under  steanx 
traction,  218  ;  resistance  to  traction  on  tramways,  219 ;  elasticity  essential 
for  durability,  219.— Kobinson,  J.,  What  was  the  section  of  tramrail  whicii 
gave  high  tractive  resistance,  219.— Cowper,  C.  E.,  Disadvantage  of  horses 
stepping  from  street  pavement  to  wide  tramrail,  220.— Schonheyder,  W., 
How  is  paving  brought  close  up  to  tramrail,  220.— Winby,  F.  C,  Stone 
setts  packed  up  underneath  with  sand,  220.-Cowper,  E.  A.,  Sliocks  from 
heavy  weights  passing  across  tramrail,  220  ;  grooves  too  wide  in  rails,  221 ; 
thin  steel  flanges  for  wheels,  221.-Lynde,  J.  G.,  Flanges  of  Barker  rails- 
not  broken,  221.— Larsen,  J.  D.,  Best  tramways  he  had  seen  were  in 
Manchester,  221 ;  only  objection  to  Barker's  system  was  the  cast-iron 
sleepers,  222  ;  width  and  depth  of  gi-oove  in  tramrails,  222 ;  first  cost  of 
tramways,  222  ;  number  of  wheels  for  tramway  engines,  222  ;  foundation 
below  sleepers,  223 ;  advantage  of  separate  rail  head,  223. 

Teansmission  of  Power.    See  Power  Transmission.    See  Rope  Gearing. 

Transport,  Cheap  Internal,  1879,  399.-1882,  2G0. 

Trasenster,L.,  nominated  Honorary  Life  Member,  1883,  310  :-acknowledgment, 
311. 
Railway,  St.  Gothard,  1883,  491. 
Vote  of  thanks  to  President  for  address,  1883,  308. 

Trasenster,  p.,  Belgian  Railways,  Notes  on,  1883,  586. 

Treasurer,  election  of,  and  vote  of  thanks  to  late  Treasurer,  1878,  560. 

Teenthaji,  W.  H.,  elected  Member,  1883,  180. 

Tresca,  H.,  Boiler  Feeder,  Letter  on  Fromentin  Automatic  Boiler  Feeder,  1882, 
486. 
Electricity  for  Coal  Miumg,  1882,  432. 
Flow  of  Solids,  Taper  on  further  applications  of  the  Flow  of  Solids,  1878, 

301.— Remarks,  338. 
Gas  Engines, Experiments  on  Explosive  Mixtures  in  Gas  Engines,  1875,205, 

216, 
Tramways,  Mechanical  Traction,  1878,  420. 
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Trevithick,  K.  F.,  elected  IMember,  1876,  28. 

Teevithick's  Cojipouxd  Exgixe,  1874,  265. 

Trier,  F.,  Stone-Dressing  Machinery,  Paper  on  Stone-Dressing  Machinery,  1881, 

133.— Kemarks,  139,  140,  141,  144. 
Troedtehiew,  Cra-wsh.\.y's  C.\stle  Pit,  large  pumping  and  winding  engines, 

1874,  238. 
Troward,  C,  decease,  1874,  2. — Memoir,  25. 
Tube  "Works,  Wednesbury,  1870,  339. 
TrcK's  Packing,  for  piston  of  steam  accumulator,  1874,  50. 
TuxxEL-BoRixG    ]Mac'HIXEry.     See  Kock-Drill.    Mining  Macliineiy.     Tuune!, 

helmc. 
TuxxEL,  Chaxxel,  Lecture  on  an  Automatic  Hydraulic  system  for  Excavating 
the  Channel  Tunnel,  liy  T.  E.  Crampton,  1882,  440.— Excavation  by 
boring,  440.— Eate  of  boring  in  chalk,  441. — Eemoval  of  debris,  441. — 
Lining  of  tunnel,  442. — Automatic  hydraulic  system,  442. — Hydraulic 
transmission  of  power,  and  removal  of  sludge,  443. — Cutting  machinery. 
444. — Eeduction  of  deljris  to  sludge,  446. — Eemoval  of  sludge,  447. — 
Power  required,  448. — Alternative  scheme  where  tunnel  has  sufiicient  fall 
for  drainage,  449. — Smaller  power  required,  450. 
TrxxEL,  Severx.     See  Eock-DrLlling  ^Machinerj-,  1877,  206. — Visited  at  Summer 

meeting,  Cardiff,  1884,  359,  395-397. 
TrxxEL,  St.  Gothard,  Paper  on  the  St.  Gothard  Tunnel,  by  E.  Wendelstein, 
1883,  156. — General  design,  156. — Alternative  schemes,  157. — Method  of 
driving  the  tunnel,  158. — Eocks  passed  through,  159. — Motive  power  for 
driving,  IGO. — Air-compressors,  162. — Cooling  of  air  during  compression. 
162.  —  Boring  machines,  164. — Eemoval  of  spoil,  166. — Compressed-air 
locomotives,  167. — Dimensions  of  engines,  169. — Cost  of  timnel,  169. — 
General  conclusions,  170. — Superior  limit  to  level  for  tunnel,  171. — Mode 
of  driving  by  top  heading  or  bottom  heading,  172. — Influence  of  mode  of 
driving  upon  completion  of  tunnel,  172  ;  upon  power  of  keeping  back  the 
pressure  of  soft  rock,  174  ;  upon  cost  of  construction,  174. — Conti-act  price 
at  Arlberg  tunnel  and  at  St.  Gothard,  175. 

Discussion. — Wendelstein,   E.,   Experience  from    St.   Gothard   tunnel 
I  useful  for  other  long  tunnels  in  progress  or  contemplated,  176. — Eennie, 
G.  B.,  Letter  from  Herr  Dapples,  176. — "Wendelstein,  E.,  Note  on  letter, 
177. 
TcRBiXES,  at  Schaffhausen,  1874,  61. — Application  of  helical  pump,  1874,  281. 
TrRXBi-LL,  C.  H.,  elected  Member,  1883,  180. 
TrnxER,  A.  H.,  elected  ^Member,  1884,  409. 
TcRXER,  F.,  Expansion  Gear,  Automatic,  1882,  431. 
Turner,  T.,  elected  Member,  1882,  476. 
TuRXEY,  J.,  elected  Member,  1876,  197. 
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TuENiNa  AND  Planing,  principles  of,  1878,  321. 

TcYEKE,  Open  Spray,  Paper  on  the  Open  Spray  Tuyere  and  other  blast- 
fiu-nace  tuyeres,  by  F.  H.  Lloyd,  1876,  350. — Various  tuyeres  used,  350. — 
Coiled  tuyere,  350. — Water-jacketed  tuyeres,  350. — Different  metals  used, 
351. — Descrijition  of  open  spray  tuyere,  351. — Action  of  spray  pipes,  352. 
— No  increase  of  water  required,  353. — Greater  durability  of  tuyeres,  353. 
— No  water  can  enter  the  furnace,  353. — Causes  of  injury  to  water  tuyeres 
354. — DiflSculty  of  detecting  leakage  with  ordinary  tuyeres,  354. — Cause 
of  accidents  with  water-jacketed  tuyeres,  354.  —  Arrangement  for 
detecting  leakage,  356.— Eemedy  for  incrustation  with  open  sjiray 
tuyere,  357. — Damaged  tuyere  need  not  be  removed  hastily,  357. — Sizes 
of  spray  tuyeres  in  use,  358. 

Discussion. — Lloyd,  F.  H.,  Specimens  of  sjDray  tuyeres,  359. — Cochrane, 
C,  Advantage  in  removing  danger  of  ordinary  tuyeres,  359  ;  difficulty 
of  perfect  weld  in  jacketed  tuyere,  359  ;  means  of  detecting  leakage, 
360  ;  danger  of  explosion  with  water-jacketed  tuyere,  3G0 ;  prevention  of 
cooling  of  blast  by  tuyere,  3C1 ;  means  of  jireventiug  stoppage  of  sjiray 
pipes,  361. — Adamson,  D.,  Disastrous  explosions  caused  by  ordiuarj- 
tuyeres,  362  ;  protection  afforded  by  spray  tuj^ere,  363  ;  arrangement  of 
holes  in  spray  pipes,  363  ;  means  of  preventing  cooling  of  blast  by  tuyere, 
363  ;  advantages  of  spray  tuyere,  364 ;  means  of  easily  detecting  leakage, 
364. — Hawksley,  C,  Application  of  jjlatinum  tuyere,  365. — Webb,  F.  W., 
Application  of  spray  tuyere  to  cupolas,  365. — Cowper,  E.  A.,  Small  head 
of  water  required  for  supply  of  spray  tuyere,  366  ;  spray  of  water  could 
keep  cool  a  surface  exposed  to  fire,  367. — Head,  J.,  Means  of  working 
cupolas  continuously  night  and  day,  367. — Lloyd,  F.  H.,  Causes  of 
explosions  with  ordinary  tuyeres,  368 ;  arrangement  of  spray  pipes,  368  ; 
prevention  of  obstruction  in  pipes,  369 ;  application  of  spray  tuyeres  to 
cupolas,  370. — Webb,  F.  W.,  Cupolas  required  to  work  continuously  for  a 
week,  370. — Lloyd,  F.  H.,  Malleable  cast-iron  for  tuyeres,  371 ;  small 
pressm-e  of  water  best  for  spray  tuyeres,  372. — Cowper,  E.  A.,  Pressure 
can  be  regulated  by  cock  on  supply  pipe,  371. 

Tuyeres,  distance  apart  in  blast-furnace.     See  Blast-Furnace  Working. 

TwEDDELL,  K.  H.,  elected  Member  of  Council,  1883,  53. 

Accidents,  Mine,  Mechanical  Appliances  for,  1877,  335. 

Docks,  Cardiff,  1874,  138. 

Gas  Engine,  Atmospheric,  1875,  210. 

Gauge,  Standard,  for  High  Pressures,  1880,  474. 

High-Pressure  Vessels,  1878,  277,  278,  286. 

Hydraulic  Jlachinery,  Marine,  1874,  46,  53. 

Hydraulic  Machinery,  Toulon,  1878,  377,  378,  379,  381,  382,  390. 

Hydraulic  Machinery,  Workshop,   Fujper  on   the  application  of  Water 
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TwEDDELL,  E.  H.  (continued). 

Pressure  to  driving  macliiiiei  y  and  working  shop  tools,  1874,  16C. — 
Kemarks,  176,  195. 

Injector  Hydrants,  1879,  388. 

Iron  and  Steel  for  Boilers,  1879,  317. 

Lifts,  Hydraulic,  1882,  160. 

Patent  Laws,  1875,  183.— 1876,  179. 

Power  Transmission  by  Kopes,  1874,  68. 

President,  election,  1878,  33. 

Presses,  Hydraulic  Packing,  1877,  365.— 1878,  45. 

Pressiu-e-Intensifying  Apparatus,  Paper  on  the  Application  of  direct-acting 
Pressure-Intensifying  Apparatus  to  Hydraulic  Presses,  1878,  45. — 
Kemarks,  64. 

Kesearch,  Meclianical,  1879,  49. 

Piiveted  Joints,  1881,  258. — Talle  showing  rules  of  practice  for  Riveted 
Joints,  1881,  293-299. 

Piock-Drill,  Dir.mond,  1875,  113. 

Piock-Drilling  Machinery,  1874,  95. 

Eules,  1876,  31.-1880,  35. 

fcsaw,  Direct-Acting  Circular,  1875,  132. 

South-Wales  Miueral  Wagons,  1884,  433. 

Steel  Boiler  Experiments,  1878,  237-241,  265-266. 

Steel  Compression  by  Steam,  1880,  415. 

Water-Power  Engines,  1879,  489. 

Water-Pressiu-e  Mining  Engines,  1880,  258,  261. 
Tweedy,  J.,  elected  3Iember,  1882,  146. 
TwiBiLL,  J.,  elected  Member,  1874,  27. 
Tyler,  Sik  H.,  Brakes,  Effect  of,  upon  railway  trains,  1879,  208.        "] 

Brakes,  Automatic  Action,  1880,  128-132. 
Tylor,  J.  J.,  elected  Member,  1877,  299. 

Accidents,  Mine,  Mechanical  Appliances  for,  1874,  324. 

Water  Meters,  Paper  on  Meters  for  registering  Small  Flows  of  Water, 
1882,  41.— Remarks,  64,  92. 
Tyxe,  Paper  on  the  Tyne  as  connected  with  the  History  of  Engineering,  by 

I.  Lowthian  Bell,  1881,  425. — Froude's  disparagement  of  engineering  skill, 

425. — Refutation  by  discoveries  resulting  from  profound  research,  426. — 

Condition  of  Tyne  district  anterior  to  present  century,  428. — Output  of 

coal,  mode  of  mining,  pumping  engines,  429. — Tubbing  of  shafts,  and 

sinking    through    water-bearing    strata,    430. — Condensing    and    non- 
condensing  engines,   431. — Coking,  431. — Ventilation   of  collieries,  and 

safety  lamp,  432. — Coal-cutting  machines,  433. — Origin  of  railroads,  484. 

— Early  locomotives,  435. — Iron  shipbuilding,  436. — Iron  manufacture, 
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Tyxe  (continued). 

438. — Steel  manufacture,  441. — Lead  and  copper  works,  441. — ^lacMncry 
making,  442. — Hydraulic  machinery,  442. — Armour  plates,  and  guns,  443. 
— Electric  lighting,  444. — Soda  manufacture,  445. — Glass  making,  pottery, 
and  fire-clay,  446. — River  navigation  improvements,  447. 
Tyxe  IMPEO^^EME^-TS,  inspected  at  Newcastle  meeting,  ISSl,  611,  612. 
Tyneside  Exgixe  Works,  Cardiff,  1884,  361. 

Tyxewydd  Colliery  Ixcxdatiox,  Paper  on  the  Tynewydd  Colliery  Inundation, 
with  particulars  of  the  ai^pliances  used  for  rescuing  the  miners  and 
recovering  the  workings,  by  T.  H.  Eiches,  1877,  221. —  Description  of  the 
inundation,  221.— Means  available  for  pumping  out  the  water,  222. — 
Special  apparatus  designed  for  boring  to  the  imprisoned  miners,  224. — 
Description  of  boring  apparatus  with  food  carriages,  225. — Total  water 
raised  from  inundated  workings,  226. 

Discussion. — Riches,  T.  H.,  Boring  apparatus  now  in  regular  use  at  a 
neighbouiing  colliery,  227.  —  Cowper,  E.  A.,  Important  for  boring 
apparatus  to  be  provided  at  every  collier}',  227. — Geach,  J.  J.,  Method  of 
removing  core  from  borer,  228. — Rich,  W.  E.,  Risk  of  depending  on  dial 
pressure  gauge  in  similar  cases,  229. — Browne,  W.  R.,  Essential  thing 
was  to  effect  a  rescue  without  reducing  pressure  of  air  in  workings,  229. — 
Marten,  E.  B.,  Diving  apparatus,  why  imsuccessful,  229. — Cowper,  E.  A., 
Air-lock  devised  by  Mr.  Upward,  230. —  Hawksley,  C,  Escape  of  air 
round  boring  bar,  how  prevented,  230. — Steel,  T.  D.,  Time  wasted  by 
attempted  employment  of  diving  apparatus,  230. — Morgans,  T., 
Transmission  of  food  carriers,  230 ;  no  necessity  for  all  collieries  to  be 
provided  with  special  boring  apparatus,  231. — Paget,  A.,  Return  of  empty 
food  caii'iers,  231  ;  special  boiing  apparatus  might  be  provided  for  each 
district,  231. — Jordan,  H.  K.,  Desirable  for  bore-hole  to  be  large  enough 
for  men  to  pass  through,  232. — Braham,  P.,  Increased  cost  and  difiQculty 
of  boring  larger  hole,  232. — Riches,  T.  H.,  Core  in  boring  tube  blown  out 
as  dust,  233 ;  failure  of  air-doors  from  defective  fixing  in  heading,  233 ; 
divers  required  to  be  used  to  underground  work,  234;  objection  to  large 
air-lock  from  difficulty  of  getting  power  enough  down  into  a  colliery,  234  ; 
mode  of  sending  food-carriers  thi-ough  the  boring  tube,  235. 
Tysos,  J,  0.,  elected  Member,  1878,  108. 
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Unuekgrouxd  Hallage,      See   Compressed-Air   IMaelunerv    for   Underground 

Haulage,  1874,  204. 
Universal  Rolling  Mill  for  Plates,  ISSO.  84.     S;e  Plate  Rolling  Machinery. 
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UxiTERSiTT  College,  Nottingham,  visited  at  Autumn  meeting,  1884,  414. 
Unsworth,  T.,  elected  Member,  1875,  315. 
Uxwix,  "VV.  C,  elected  3Iembcr,  1878,  31. 

Brakes,  Continuous,  for  railway  traius,  1878,  88. 

Governors,  1879,  417. 

Iron  and  Steel  for  Boilers,  18711,  30G,  314. 

Kiveted  Joints,  1881,  283. — First  Eeport  on  the  form  of  Riveted  Joints,. 
1881,  301-368. 

Shafting,  Strength  of,  1883,  211,  224. 
Ubquhaet,  T.,  elected  Member,  1875,  189. 

Petroleum  Fuel  in  Locomotives,  Paper  on  the  use  of  Petroleum  Eefust- 
as  Fuel  in  Locomotives,  1884,  272.— Eemarks,  320. 
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YAcruM  Brake  for  railway  trains,  Smith-Hardy,  1878,  71,  87,  484,  554,  592.. 
G07,  622,  624,  630.— Sanders'  automatic,  1878,  79.     See  Brakes. 

Valon,  W.  a.  M.,  elected  Member,  1880,  310. 

Yal  St.  Lambert  Glass  Works,  visited  at  Summer  meeting,  Belgium,  ISSSr 
513. — Note  on  Works,  544. 

Yalves,  for  air-compressing  cylinders,  1874,  206,  216,  222,  226,  228,  229.— 
Disc-valves  for  hydraulic  cylinders,  1874,  47,  49,  52,  53,  182. — Pump- 
valves,  1874,  269.— Slide-valves  for  steam  cylinders,  1874,  264,  265. 

Yalve,  Clrcular  Slide-,  Taper  on  an  improved  form  of  Slide-Valve  for  steam 
and  hydraulic  engines,  by  F.  W.  Webb,  1877, 197. — DiflSculty  from  groo'v  ing' 
action  with  ordinary  slide-valve  and  port  face,  197. — Grooving  action 
efiectually  prevented  by  rotation  of  circular  valve  in  buckle,  197. — Circular 
slide-valve  applied  to  outside-cylinder  locomotive,  198. — Back  packings 
ring  for  taking  off  pressure,  198.  —  Circular  slide-valve  for  inside- 
cylinder  locomotives,  199. — Application  to  hydraulic  capstan  engines, 
found  extremely  useful,  199. — Application  to  Brotherhood's  direct-acting 
three-cylinder  capstan,  199. 

Discussion. — Webb,  F.  W.,  Successful  results  of  working,  200. — Wilson,. 
J.  C,  Good  construction  for  preventing  grooving,  201. — Walker,  B., 
Cylindrical  piston-valve  found  very  successful  with  high-pressure  steam. 
201. — ^Westmacott,  P.  G.  B,,  Good  working  of  ordinary  valves  in  hydraulic 
engines,  202  ;  trunnion  valve  now  preferred,  203. — Webb,  F.  W.,  Mixture 
of  metal  used  for  valves  of  hydraulic  capstans,  203. — Piatt,  J.,  Another 
form  of  circular  slide-valve  under  hydraulic  pressure  not  found  satisfactory, 
204. — Cowper,  E.  A.,  InsufHcient  bearing  surface  caused  valve  to  seize,. 
201.— Kelson,  F.  C,  Free  opening  of  exhaust  port,  205.— Webb,  F.  W.,. 
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Valve,  Circular  Slide-  (continued). 

Wire-drawing  no   grealer   with  circular  slide-valve  than  with  ordinary 
rectangular  valve,  205. 
Valve-Gear,  Joy's,  PcqKr  on  a  new  reversing  and  expansive  Valve-Gear,  bv  D. 
Joy,  1880,  418.— Gray's  valve-motion  for  locomotives,  418.— Link  motion, 
419.— Other  valve-gears,  420.  —  Description  of  new  valve -gear,  421.— 
Constant  lead  for  forward  and  backward  motion,  and  for  all  grades  of 
expansion,   422.  —  Application    to    marine,  horizontal,  and  locomotive 
engines,  424.— Advantages  of  new  gear,  424.— Greater  correctness  of  new 
gear,  425.— Total  pressures  in  up  and  down  stroke  of  vertical  engine,  426. 
—Examination  of  valve-path  diagrams,  420.-  Higher  gi-ades  of  expansion, 
428.— Greater  accessibility  of  new  gear,  428.— Whole  gear  is  always  in 
useful  action,  428.— Facility  of  repaii-s,  429.- Greater  ease  of  reversing,  429. 
Discussion.— Marah&n,   F.  C,  Description  and  advantage  of  his'  own 
valve-gear,  430 ;  indicator  diagrams,  431.— Webb,  F.  W.,  Application  of 
Joy's  gear  to  goods  locomotive,  432  ;  indicator  diagrams,  432 ;  Trick  or 
Allen  slide-valve,  432 ;  improvements  in  details  of  engine,  433 ;  fire-box 
foot-plates,  &c.,  434  ;  desirability  of  uniform  dimensions  in  engines,  434.— 
Cowper,  E.  A.,  Whether  any  twist  fi-om  longer  l^earings,  434._-\Vebb 
F.  W.,  Easing  of  bushes  and  brasses  allows  ample  play,  435.— Kitson' 
J.  H.,  Modification  of  Walschaert  valve-gear  for  steam  tramcar,  435.—' 
Humphrys,  J.,  Advantages  of  Joy's  valve-gear,  436 ;  application  to'  marine 
engines,  437.-Boyd,  W.,  Practical    objection    to    taking   motion  from 
connecting-rod  in  marine  engine,  438 ;   unsteady  motion   of  levers  and 
links,  438 ;  too  great  sliding  motion  of  valve-block,  439.— Robinson,  J., 
Great  wear  of  block  sliding  in  slot,  439  ;  pins  objectionable  for  oscillatin- 
motion,   440.-Paget,  A.,  Comparative    travel    of    sUdiug    block  and  o"f 
eccentric,  440.— Boyd,  W.,  Circular  motion  of  eccentric  is  preferable  to 
reciprocating  motion,  440.-Webb,  F.  W.,  Comparative  travel  of  eccentrics 
and  of  sliding   block,   440;    number   of  pins,  441.  —  Head,   Jeremiah, 
Comparison  with  box-link,  441  ;  oblique  thrust  in  Joy's  gear,  441 ;  facility 
of   replacing  worn  parts  by  duplicates,  442;    eccentrics  disadvantageous 
when  large,  442  ;  adjustment  in  Joy's  gear  to  compensate  for  wear,  443  ; 
extent  of  steam  admission  in  mid-gear,  443.— Siemens,  C.  W.,  Important 
advantages  of  Joy's  morion,  444;  swing-Unk  preferable  to  slide-block,  445. 
—Reynolds,    E.,    Former    proposed    arrangement    of  valve-gear,   '445- 
Hawthorn's  and  Hackworth's    motions,    445.— Marshall,  F.  C.,  Slidiuo-' 
motion  hindered   success   of  Hackworth's   gear,    446 ;   serious  'wear    0° 
connecting-rod  ends  in  marine  engines,  44G.— Cowper,  E.  A.,  Ericsson's 
valve-motion,  446;  problem  to  combine  longitudinal  motion  for  lead   with 
side  motion  for  travel,  447;   Hackworth's  and   Hawthorn's  gears '447- 
Joy's  gear  with  sliding  block,  and  with  vibrating  link,  447 ;  inronve'nience' 
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Yal'S'e-Gear,  Joy's  (contiaued). 

of  attachment  to  connecling-rod,  448;  advantage  of  ample  room  for 
bearings,  448  ;  reduction  of  compression  by  cutting  out  inside  of  slide- 
Talve,  448. — Joy,  D.,  In  Marshall's  gear  only  one  eccentric  removed,  and 
engine-room  not  shortened,  449 ;  uncorrected  errors  in  gear,  compensated 
by  double  port  at  top  end,  450  ;  inappreciable  effect  of  wear  in  connecting- 
rod  upon  motion  of  valve,  451 ;  replacing  of  worn  bushes  and  pins,  452  ; 
less  movement  in  links  of  new  gear  than  in  air-pump  lever  gear,  452  ;  wear 
from  sliding  of  block,  452 ;  substitution  of  radius  links,  452 ;  wear  less 
than  of  eccentrics  or  slide-bars,  453;  precedent  iu  slide-valves  for 
oscillating  marine  engines,  453 ;  ease  of  reversing  with  new  gear,  453 ; 
Eeynolds'  gear,  453;  distinctive  features  of  Brown's  and  Hack  worth's 
gears,  454 ;  even  wear  from  end  to  end  of  slot  in  new  gear,  454.  " 
Yalve-Gears  : — 

Box-link,  1880,  441. 
Brown's,  1880,  46,  48,  445,  44G,  454. 
Davey's  Diflferential,  1874,  261,  271,  275,  279. 
Ericsson's,  1880,  446. 

Hackworth's,  1880,  430,  445,  446,  447,  450,  454. 
Hawthora's,  1880,  445,  447. 
Joy's,  1880,  418,  480. 
Kitson's,  1880,  435. 
Marshall's,  1880,  430,  439,  449. 
Meyer's.  1877,  287,  288,  290. 
Reynolds',  1880,  445,  453. 
Eider's,  1877,  280,  293,  294. 
Trick  or  Allen  Slide-Valve,  1880,  432,  448. 
Walschaert's,  1880,  435. 
Valve,  Eeducing,  for  Steam  Pressure,  1879,  337,  613.     For  Water  Pressure, 

1879,  423,  434.     See  Water  Pressure. 
Yalves  of  hydraulic  presses,  wear  of,  1878,  58. 

Yalves,  Safety,  Paper  on  the  construction  of  Safety  Yalves,  by  J.  C.  Wilson,  1877, 
17(5. — Defects  in  action  of  ordinary  safety  valves,  176. — Defects  in  dead- 
weight safety  valve,  177. — Xaylor's  safety  valve,  178. — Eamsbottom's 
valve,  179. — ^Principles  to  regulate  construction  of  safety  valves,  179. — 
Valve  ought  to  be  always  exposed  to  full  boiler  -  pressure,  180. — 
Description  of  Klotz  safety  valve,  180. — Eesult  of  experiments,  181. — 
Advantage  of  Klotz  valve  for  preventing  rise  of  pressure  in  boiler,  181. 
Discussion. — Webb,  F.  W.,  Danger  of  valves  being  tampered  with,  1S2. 

Olrick,  L.,  Two  or  three  smaller  valves  better  than  one  large  valve  of 

same    total    area,  183;   description  of    "Paragon"  safety  valve,  184.- 
Chapman,  II.,  Probable  inconvenience  from  corrosion,  1S5. — Cowpcr,  E.  A., 
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Valve,  Safett  (continued). 

Flat  seated  and  -winged  valves  very  objectionable,  186;  comparison  of 
Klotz  valve  and  common  valve,  186.— Hartnell,  W.,  Only  small  rise  of 
pressure  found  with  ordinaryrsafety  valve  when  -well  made,  187. — "W  ebb, 
F.  W.,  Size  of  opening  sufBcient  to  prevent  any  rise  of  pressure  in 
locomotive  boiler  when  hard  fired,  187.— Paget,  A.,  Satisfactory  woiking 
of  ordinary  safety  valves  when  properly  made,  187. — Kichardson,  W., 
Sudden  access  of  steam  pressure  in  boiler  on  starting  engine,  188. — 
Hughes,  G.  D.,  Safety  valve  should  provide  both  for  excess  of  pressure, 
and  for  deficiency  of  water,  189 ;  danger  from  liability  to  sticking,  189. — 
Adams,  T.,  Eelative  expansion  of  brass  and  cast  iron,  190 ;  ordinary 
safety  valve  could  not  be  regarded  as  free  from  danger,  191 ;  force, 
resistance,  and  n.otion  should  all  lie  in  the  same  straight  line,  191 ;  double 
conical  spring  objectionable,  191 ;  Eamsbottom  valve  should  have  spring 
attachment  slightly  below  the  points  of  studs,  192  ;  best  proportions  for 
construction  of  helical  springs,  192. — Marten,  E.  B.,  Objection  to  too 
large  a  safety  valve,  193.— "Wilson,'J.  C,  Klotz  valve  could  not  be  jammed, 
191 ;  not  afl"ected  by  priming,  194 ;  undesirable  to  have  large  safety  valves, 
194;  bell  of  Klotz  valve  better  guide  than  centre  pin  or  feathers,  195; 
construction  of  spring,  196. 

Valves,  Safety,  Bodmer,  1877,  183 ;  Cowbtim,  178 ;  Dead-weight,  177 ;  Klotz, 
180 ;  Naylor,  178,  183 ;  Ordinary,  176 ;  Paragon,  184 ;  Ramsbottom,  179. 

Van  Hotjtte's  Nursery  Gaedexs,  visited  at  Summer  meeting,  Belgium  1883 
517. — Description,  567. 

Vapabt  Disixtegbator,  1878,  490.     See  Disintegrator,  Vapart. 

Variable  ArTOMAXic  Expansion,  1877,  276.    See  Expaiision,Variable  Automatic. 

Velometek  Gotebscb,  1879,  410.    See  Governor. 

Vektilatoks  fob  Mixes,  Mechaxical,  Paper  on  Mechanical  Ventilators  for 
Mines,  by  W.  Daniel,  1875,  817. — Ventilation  of  mines  by  furnaces,  both 
expensive  and  dangerous,  317.  —  Extensive  adoption  of  mechanical 
ventilators,  317. — Fuel  consumption  compared  with  furnaces,  318. — Two 
classes  of  mechanical  ventilators,  318.— Cooke's  ventilator,  description,  318. 
— Means  of  measuring  useful  effect,  319. — Experiments  with  difierent 
ventilators,  320. — Variation  in  velocity  of  air  in  different  positions  in  the 
same  air-way,  321. — Correct  measurement  of  velocity  of  air,  321. — Table 
of  velocities  of  air  in  difierent  portions  of  drift,  323.— Table  of  results  of 
ventilator  experiments,  324. 

Discussion. — Daniel,  W.,  Anemometers  used  in  experiments,  326. — 
Carbutt,  E.  H.,  Displacement  ventilator  correct  principle  for  deep  mines, 
326 ;  less  expensive  veutUator  required  for  shallow  mines,  326. — Welch, 
E.  J.  C,  Method  of  determining  curve  at  end  of  shutter,  327. — Paget,  A., 
Amount  of  windage  between  drum  and  shutter,  327. — Cowper,  E.  A., 
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Ventilators  for  Mines,  Mechanical  (continued). 

Vibrating  shutter  a  great  ^improvement,  327 ;  small  friction  in  working  of 
machine  because  no  rubbing,  328  ;  principle  of  ventilator  better  than  fan, 
328. — Deacon,  G.  F.,  Anemometers  liable  to  fail  at  low  velocities,  328. — 
Hall,  W.  S.,  Percentage  of  duty  in  Eammell  fan,  328. — Steavenson,  A.  L., 
Principle  of  varying  capacity  superior  to  centrifugal  action  for  ventilator, 
329. — Head,  J.,  Means  of  preventing  leakage,  330. — Cooke,  J.,  Advantage 
of  varying-capacity  ventilator  over  centrifugal  fans,  330. — Daniel,  W., 
Amount  of  clearance  between  di-inn  and  casing  and  vibrating  shutter,  331 ; 
comparative  cost  of  ventilators,  331. — Eamsbottom,  J.,  Advantage  in 
having  a  definite  volume  of  air  at  each  revolution,  332  ;  means  of 
ascertaining  amount  of  leakage,  332  ;  higher  result  of  useful  effect  obtained 
by  ventilator  than  by  fan,  332. 

Ventilator,  Greindl  rotary,  1878,  462. 

Ventilator,  Koots'  Mine,  Paper  on  Roots'  Mine  Ventilator  and  other 
applications  of  Roots'  blower,  by  E.  H.  Carbutt,  1877,  92. — Principle  of 
blower,  92. — Successful  applications  to  different  purposes,  93. — Forms  of 
rotating  pistons,  93. — Description  of  ventilator  for  mines,  95. — Quantity  of 
air  displaced,  97. — Comparative  results  of  different  ventOators,  98. — 
Advantage  of  Roots'  blower  as  an  exhauster,  98. — Different  constructions 
of  blowers,  99. — Engine  for  driving  blower,  100. — Special  chemical  blower 
and  exhauster,  101. — Gas  exhauster,  102. — Large  wearing  surfaces  and 
accurately  pitched  wheels,  103. — Moderate  speed  of  blowers  compared 
with  fans,  103.  —  Tables  of  experiments  on  Roots'  mine  ventilator  at 
Chilton  Colliery,  Ferryhill,  104. 

Discussion. — Cochrane,  C,  Application  of  blower  to  sand-blast  process, 
107 ;  ventilator  not  more  effective  than  others,  when  air-doors  get 
disarranged  in  a  mine,  107. — Adamson,  D.,  Advantage  in  forcing  large 
quantity  of  air  at  slow  velocity,  107 ;  cast-iron  revolvers  more  enduring 
and  less  liable  to  get  out  of  order  than  wood,  108. — Head,  J.,  Roots'  blower 
used  for  blowing  cupola,  108 ;  advantage  of  combined  engine  and  blower 
on  one  bed-plate,  109. — Richardson,  W.,  Blowers  found  preferable  to  fans 
for  cupolas  &c.,  109  ;  very  desirable  for  mine  ventilation,  if  could  be  made 
to  answer  as  a  ventilator,  110. — Perkins,  L.,  Blower  with  wood  revolvers 
answered  well,  110. — Welch,  E.  J.  C,  Self-acting  regulating  cylinder  for 
pressure  in  blower,  110. — Allan,  G.,  Iron  revolvers  of  blowers  if  made 
accurately  must  be  much  preferable  to  wood.  111. — Stevens,  A.  J., 
Difficulties  in  use  of  Roots'  blower  as  a  mine  ventilator,  112. — Stewart,  A., 
Experiments  with  ventilator  at  Chilton  colliery,  112;  greater  exhaustive 
power  obtained,  113 ;  materials  used  for  construction  of  revolvers  in 
Roots'  blowers,  113;  weight  of  ventilator  at  Chilton  colliery,  114;  use  of 
gear  for  driving,  114  ;  cost  of  ventilator  and  engines  at  Chilton  colliery,  115. 
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"Vexttlatoes  for  Mines.     See  also  Mining  Machinery. 

Verviebs  Woollex  JlA>rcFACTORiES,  visitcd  at  Summer  meeting,  Belgium,  1 883, 

515. — Notes  on  Works,  546. 
TiAL,  E.  DE,  elected  Associate,  1877,  72. 

Victoria  Floatixg  Dock,  187S,  139.    See  Dock,  Tictoria  Floating. 
TiEiLLE    MoxTAGXE    ZesC    Works,   1883,   349.     Visited  at  Summer  meeting, 

Belgium,  1883,  513. 
Vote  to  late  Secretary,  1878,  20,  27,  108.     See  Secretary. 
Votes  of  Thaxks  :— 

1874,  at  Summer  meeting,  Cardiff,  233. 

1875,  to  Institution  of  Civil  Engineers,  1G2 :  —  at  Summer  meeting, 
Manchester,  305. 

1876,  to  Institution  of  C\\i\  Engineers,  177  : — to  Society  of  Arts,  196  : — at 
Summer  meeting,  Birmingham,  327. 

1877,  to  Institution  of  Civil  Engineers,  163: — to  President,  175  : — at  Summer 
meeting,  Bristol, -295. 

1878,  to  Institution  of  Civil  Engineers,  291 : — at  Summer  meeting,  Paris,  545. 

1879,  to  Institution  of  Civil  Engineers,  153,  265,  394  : — at  Summer  meeting, 
Glasgow,  563. 

1880,  to  Research  Committee  and  Honorary  Reporters,  23 ; — to  Pietiring 
President,  26,  27 : — to  Institution  of  Civil  Engineers,  151,  285 : — to 
President,  320  : — at  Summer  meeting,  Barrow,  476. 

1881,  to  Institution  of  Civil  Engineers,  33,  165  :— to  President,  410,  424;— 
at  Summer  meeting,  Newcastle,  412. 

1882,  to  Institution  of  Civil  Engineers,  40,  151 :— to  President,  256  :— at 
Summer  meeting,  Leeds,  258. 

1883,  to  Institution  of  Civil  Engineers,  5o,  181 : — to  President,  308 : — at 
Summer  meeting,  Belgium,  313 : — at  Autumn  meeting,  Bii'mingham, 
597,  631. 

1884,  to  Institution  of  Civil  Engineers,  27,  81 : — at  Summer  meeting,  Cardiff", 
200 : — to  President,  223  : — at  Autuimi  meeting,  Nottingham,  413. 
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Waddell,  J.,  elected  Member,  1883,  33. 
WadddsGTOX,  J.,  Jrx.,  elected  Graduate,  1878,  108. 
Waddle,  J.  E.,  Engines,  Winding,  Direct- Acting,  1875,  244. 
Wadha3i,  E.,  Barrow  meeting,  Welcome  to  members  at,  1880,  309. — Luncbeoa 
to  members,  478. 

Klines,  Furness  Iron,  1880,  363,  371,  372. 

Vote  of  thanks  to,  1880,  476. 
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Wadia,  N.  N.,  elected  Member,  1S79,  155. 

Wagons,  Socth-Wales  Mineral,  1884,  415.    See  South-Wales  IMineral  Wagon?. 

Wailes,  G.  H.,  elected  Graduate,  1882,  14G. 

Wailes,  J.  W.,  elected  Member,  1875,  36. 

Wailes,  T.  W.,  elected  Member,  1884,  199. 

Wake,  H.  H.,  elected  Member,  1881,  409. 

Sunderland  Docks,  1881,  617. 
Wakefield,  J.,  decease,  1883,  36. — Memoir,  28. 
Wakefield,  W.,  elected  Member,  1882,  255. 
Walkek,  a.  H.,  elected  Graduate,  1875,  36. 
Walker,  A.  T.,  Water  Meters,  1882,  98. 
Walker,  B.,  Boiler,  Lancashire,  1876,  97,  99. 

Compressed-Air  Machinery,  1874,  221,  222. 
Comjircssed-Air  Engines  for  Tramways,  1881,  G76. 
Docks,  Cardiff,  1874,  139,  140  :— 1884,  239. 
Docks,  Pumping  Machinery,  1874,  159. 
Engines,  Winding,  Direct-Acting,' 1875,  234. 
Hydraidic  Machinery,  Marine,  1874,  44. 
Hydraidic  Machinery,  Workshop,  1874,  190. 
Lifts,  Hydraulic,  1882,  152. 
Mining  Machinery,  1SS2,  367.  ' 
Presses,  Hydraulic  Packing,  1877,  361. 
Steel  Plant,  Bessemer,  1881,  632,  637,  645. 
Testing  Machine,  Single-Lever,  1882,  399. 
Valve,  Circular  Slide-,  1877,  201. 
Walker,  B.  P.,  Fire-Feeder,  Mechanical,  Paper  on    the   Frisbie   Mechanical 
Fire-Feeder  and  Grate  for  boilers  and  furnaces,  1876,  318. — Eemarks,. 
321,  324. 
Puddling,  Mechanical,  1S7G,  274. 
Walker,  C.  C,  Boiler,  Lancashire,  1876,  112. 
Power  Transmission  by  Kopes,  1874,  70. 
Rules,  1874,  31. 

Secretary,  Vote  to  late,1878.  111,  112. 
Walker,  D.,  elected  Member,  1877,  165. 
Walker,  G.,  elected  Member,  1875,  315. 
Walker,  J.,  elected  Member,  1877,  72. 
Walker,  J.  S.,  elected  Member,  1875,  315. 
Walker,  M.,  elected  Graduate,  1884,  2. 
Walker,  R.  T.,  elected  Graduate,  1884,  ]99. 
Walker,  S.  F.,  elected  Member,  1884,  80. 
Boiler  Corrosion,  Marine,  1884,  340. 
Railway  Electric  Signals,  1884,  460. 
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Walker,  T.  F.,  elected  Member,  187G,  347. 

"Walker,  "Willlaji  (Saltbum-by-tlie-Sea),  elected  Member,  1875,  3G. 

Walker,  William  (London),  elected  Member,  1S7S,  lOS. 

Walker,  Z.,  Jux.,  elected  Member,  1878,  31. 

Walkxsshaw,  F.,  elected  Graduate,  1S81,  409. 

Wallace,  J.,  elected  Member,  1884,  199. 

Wallau,  F.  p.,  elected  Member,  1884,  80. 

Wallsexd  Slipway  and  Ekgixeerinx.  Works,  Xevr castle  on-Tyne,  18S1,  i)85^ 
GIL— Cardiff.  1884,  3G1. 

Walton,  J.,  Screw  Propellers,  1879,  607. 

Warburtox,  J.  S.,  elected  Member,  1881,  10. 

Ward,  T.  H.,  elected  Member,  1882,  146. 

Ward,  W.  M.,  elected  Member,  1876,  347. 

Wardell,  S.  C,  elected  Member,  1877,  1G6. 

Wardle,  E.,  elected  Member,  1882.  16. 

Wabham,  R.  L.,  elected  Member,  1881,  409. 

Warner,  E.,  elected  Member,  1874,  256. 

Warsop,  H.,  elected  Member,  1882,  146. 

Wasalekar,  N.  N.,  elected  Associate,  1875,  315. 

Wass,  J.  W.,  elected  Member,  1874,  101. 

Watch  Factory,  visited  at  Autumn  meeting,  Birmingham,  1883,  597,  £98. 

Water  Ejector,  1874,  292.— 1877,  319,  336. 

Water  Meter,  Vaper  on  Barton  and  Wesfs  piston  Water  Meter,  by  W.  11^ 
Thomas,  1879,  444.— Meter  cylinder  and  case,  444.— Valves,  445.— 
Registering  apparatus,  446.— Action  of  meter,  447.— Experiments  to  test 
meter,  447.— Tables  of  results,  448-450. 

Discussion. — Parsons,  Hon.E.  C, Speed  of  meter,  and  head  to  work  it,  450. 
— Welsh,  E.  J.  C,  Accuracy  of  meter  depeuds  on  speed  of  valves,  450. — 
Paget,  A.,  Proportion  of  size  of  piston  to  size  of  pipe,  451 ;  action  of  spring 
valves,  451 ;  importance  of  use  of  water  meters,  451. — Head,  Jeremiah, 
Defects  of  existing  meters,  and  means  of  tampering  with  registration,  452  ; 
meters  for  boiler-feed  should  pass  hot  water,  453.  —  Hughes,  G.  D., 
Objection  of  possible  leakage  through  meter  without  registration,  453. — 
Robinson,  .J.,  That  depends  on  rapidity  of  action  of  valves,  454. — Barton, 
C.  C,  Action  of  valves  nearly  instantaneous,  454 ;  piston  speed,  and 
corresponding  head  required,  454 ;  liability  of  meters  sticking,  454  ;  sealing 
of  register  chamber,  455. — Robinson,  J.,  Water  meters  not  good  for  water 
companies,  but  for  consumer,  455;  any  variation  in  Barton  meter  is 
constant,  455. 
Water  Meters,  Paper  on  Meters  f -r  registering  Small  Flows  of  Water,  by 
J.  J.  Tylor,  1882,  41. — Parkinson's  drum  meter,  41.— Kennedy's  piston 
meter,  42. — Frost's  piston  meter,  42. — Siemens'  turbine  meter,  43. — Siemens'' 
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fan  meter,  44. — Tylor's  fan  meter,  45. — Measurement  of  small  flows,  47. — 
District  meters,  48. — Results  of  inspection  by  aid  of  meters,  49. — House 
meters,  50. — Tables  I-XIII,  tests  and  experiments  with  various  meters,  52. 
Discussion. — Tylor,  J.  J.,  Specimens  of  meters,  and  explanation  of 
district  meter  diagrams,  64;  diagram  from  Bridgwater  waterworks,  64; 
ditto  from  London  waterworks,  65 ;  ditto  illustrating  method  for 
inspecting,  66. — Anderson,  W.,  Experiments  with  various  meters  at 
Erith  Iron  Works,  66  ;  table  of  results,  68  ;  descrii^tion  of  Galasse  piston 
meter,  67;  registration  by  Galasse  and  Kennedy  meters,  69;  variations 
of  turbine  meters  at  low  velocities,  69 ;  practically  no  inaccuracy  from 
inertia  of  turbine  meters,  70 ;  piston  meters  best  for  small  services, 
rotary  meters  for  large,  70. — Hawksley,  T.,  Principle  of  turbine  meter, 
70 ;  inaccuracy  arising  from  friction,  71 ;  case  of  fraudulent  manipulation, 
71 ;  value  of  turbine  meters  for  large  supplies,  72 ;  increase  of  capital  if 
water  supplied  by  meter.  72  ;  Parkinson  meter  most  perfect,  but  not 
always  applicable,  73 ;  Kennedy  meter  defective  through  liability  to 
stick,  73 ;  water  supply  by  meter  would  be  detrimental  to  health,  74 ; 
meters  not  necessary  for  suppression  of  waste,  74 ;  examples  of  waste 
prevention  by  change  to  constant  sujjply,  74. — Newman,  F.,  Eesults  from 
adoption  of  meters  in  South  America,  75. — Rich,  "W.  E.,  Inferential 
meters  giving  jjlace  to  piston  meters  in  Brussels  and  Paris,  76 ; 
clockwork  registering  meters  should  be  movable,  77. — ^Paget,  A.,  Former 
objections  against  gas  meters  now  repeated  against  water  meters,  77 ; 
diminished  expense  of  fittings  under  supply  by  meter,  78. — Hawksley,  T., 
Increased  outlay  for  domestic  supply  by  meter  is  independent  of  cost  of 
consumer's  fittings,  79. — Chaney,  H.  J.,  Average  percentage  of  error  in 
good  meters,  79 ;  want  of  sufficiently  accurate  meter,  SO. — .Williams,  E. 
Price,  Amount  and  cost  of  water  wasted  in  London,  80  ;  table  of  cost  of 
water  supplied,  81. — Cowper,  E.  A.,  How  would  capital  outlay  be 
increased  or  lessened  by  meter  supply,  82.  —  Hawksley,  T.,  Average 
cost  of  water,  and  how  made  up,  82 ;  smaller  supply  by  meter  would 
necessitate  higher  rates  of  charge,  83.  —  Shoolbred,  J.  N.,  Principle 
-of  Deacon  waste-water  meter,  S3 ;  description  of  meter,  84 ;  application, 
and  results,  85. — Marten,  E.  B.,  Efiect  of  substituting  payment  by  meter 
instead  of  rating,  86  ;  prevention  of  waste,  and  change  from  intermittent 
ito  constant  supply,  87  ;  application  of  Tylor  meter,  88. — Schonheyder,  W., 
Serious  inaccuracy  of  best  rotary  meters,  88 ;  use  of  piston  meters  on 
Continent,  89.— Hawksley,  C,  Accuracy  of  Parkinson  meter,  89  ;  relative 
cost  of  gas  and  water  meters,  90 ;  cheapness  of  watur  supply,  90 ; 
importance  of  good  fittings  on  water  services,  91 ;  extent  and  cost  of 
Bridgwater  waterworks,  91.— Paget,  A.,  Saving  in  cost  of  fittings  by  use 
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of  meter,  Dl ;  insignificant  value  of  unregistered  supply  tbrough  rotary- 
meters,  92.— Tylor,  J.  J.,  Adoption  of  rotary  meters  in  Germany  and 
France,  92;  advantage  of  dispensing  with  cisterns,  93;  rare  to  supply 
houses  by  meter  .in  England,  94 ;  expense  of  meters,  94 ;  advantage  of 
meters  for  inspection  of  waste,  94  ;  minimum  charge  for  domestic  supply 
by  meter,  95 ;  comparison  of  gas  and  water  meters,  95. 

Appendix  to  Discussion.— Cogger,  J.,  Supply  by  meter  at  Newport,  Isle 
of  Wight,  96.— Palmer,  J.  E.,  Ditto  at  Great  Malvern,  96.— Cole,  G., 
Ditto  at  Hereford,  97.— Armitt,  H.,  Ditto  at  Northampton,  98.— Walker, 
A.  T.,  Ditto  at  Beading,  98. 
Water-Power  Engines,  Paper  on  Water-Power  Engines  with  variable  stroke, 
by  J.  Hastie,  1879,  484.— Principle  of  engine,  484.— Modes  of  obtaining 
variation  in  stroke,  484. — Number  of  engines  now  at  work  on  the 
principle,  485. — Description  of  engines  for  low-pressure,  485. — Automatic 
variation  of  length  of  stroke,  486.— Experiments  on  small  hoist,  487. — 
Engine  its  own  governor,  487.— Description  of  engines  for  high  pressure, 
488. 

Discussion.— Alley,  S.,  Excellent  working  of  engine  with  various  loads, 
488.— Kennedy,  A.  B.  W.,  Davey's  plan  of  exhaust  water-box,  489.— 
Tweddell,  E.  H.,  Efficiency  of  engine  increases  as  stroke  is  lengthened, 
489.— Paget,  A.,  Plan  of  transmitting  engine  power  thi-ough  gear  capable 
of  variation  by  governor,  489.— Ellington,  E.  B.,  Use  of  reversing  brake- 
valve,  490  ;  how  long  has  engine  been  at  work,  490. — Welch,  E.  J.  C, 
Economy  in  transmission  of  power  by  water  instead  of  by  shafting,  491. — 
Hastie,  J.,  End  of  cylinder  does  work  of  slide-valve,  491 ;  increase  of 
efficiency  with  longer  stroke,  491 ;  successful  use  of  reversing  valve  iu 
geared  engine,  492 ;  simplicity  of  engine,  492 ;  extent  of  application, 
492.— Kobinson,  J.,  Great  advantage  in  engine  bemg  its  own  governor, 
493. 
Water-Pressure,  Paper  on  the  maintenance  of  Constant  Pressure  in  water 
service  pipes,  by  S.  Alley,  1879,  423.— Waste  by  leakage  under  variable 
pressure,  423.— Detection  of  waste  in  Liverpool,  423  ;  in  Glasgow,  424. — 
Imperfect  regulation  of  pressure  by  sluice  valves,  424. — Importance  of 
economising  water  supply,  425. — Foulis'  water  pressure  regulators,  427. — 
Kegulating  valve  or  water-governor,  427.  —  Kegulation  by  'cistern  and 
differential  governor,  429. — Differential  valve  for  proportionate  pressures, 
430.— Eetentive  valve  for  descending  mains,  431.— Applications  of  tlie 
system,  432. 

Paper  on  Barton  and  West's  Water-Pressure  Keducer,  by  W.  H.  Thomas, 
1879, 434.— Description  of  reducer  for  mains,  434.— Ditto,  ditto,  for  service 
pipes,  436. 
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Discussion. — Gray,  J.  M.,  Provision  against  failure  of  india-rubber 
diaphragms,  437 ;  absolute  tightness  not  necessary,  437.  —  Mair,  J.  G., 
Friction  of  leathers  objectionable,  437 ;  regulating  valve  should  open 
downwards,  438.  —  Cochrane,  C,  Action  of  retentive  valve,  438.  — 
Macfarlane,  W.,  Desirability  of  having  several  distributing  reservoirs  at 
various  levels,  438. — Paget,  A.,  Difficulties  of  such  a  system,  439  ;  reducing 
valves  almost  identical  in  effect,  439. — Crompton,  R.  E.  B.,  Trouble  with 
water  fittings  by  deposit  from  water,  439.— Cowper,  E.  A.,  Deposit  of  less 
importance  with  large  valves,  440  ;  india-rubber  diaphragms  in  small 
valves  would  avoid  piston  friction,  440 ;  specially  adapted  for  Glasgow, 
440. — Alley,  S.,  Action  of  retentive  valve,  441 ;  friction  of  packing 
leathers,  441 ;  period  of  working  of  regulating  valves,  441. — FoiJis,  W., 
Principle  peculiar  to  these  regulating  valves,  442. — Copland,  "W.  E., 
Experiments  to  determine  saving  effected  by  Foulis'  valve,  442. — Barton, 
C.  C,  Efficiency  of  Barton  and  West's  pressure  reducer,  443. — Eobinson, 
J.,  Importance  of  j^reveating  leakage  in  fittings,  443. 

Watek-Pkessuke  Mixixg  Engixes,  Paper  on  Water-Pressure  Engines  for  mining 
piu^poses,  by  H.  Davey,  1880,  245. — Water  supply  in  hilly  districts,  245. — 
Principles  of  -water-pressure  engines,  246.  —  Trevithick's  early  water- 
pressure  ijumping  engine,  247. — -Double-acting  dip-pumping  engines  at 
GrifF  colliery,  248. — Fluctuation  of  velocity  in  driving  column,  250. — 
Plunger  engines  pumping  brine  at  Mansfield  salt-mine,  251.— Pumping 
and  winding  engines  at  A.  D.  lead  mine,  252. — Pumping  engine  at  Hutton 
Henry  colliery,  utilising  feeder  in  shaft,  254. — Pumping  engine  with 
single  pipe  for  supply  and  delivery,  255. — Modes  of  applying  variable 
hydraulic  power  to  varying  resistances,  25G. 

Discussion. — Hawksley,  C,  Hydraulic  machinery  will  work  although 
drowned,  257. — Tweddell,  R.  H.,  Successful  use  of  rotative  water-pressure 
engines,  258  ;  high  efficiency  of  three-cylinder  hydraulic  engine,  258  ; 
accumulator  not  required,  if  acting  merely  as  a  regulator,  259  ;  balanced 
valves,  259  ;  variable  hydraulic  power,  unless  automatic,  is  not  valuable, 
259;  future  of  hydraulic  engines  is  a  matter  of  working  cost,  260. — 
Kenned}',  A.  B.  W.,  Engine  with  several  valves  is  preferable  in  certain 
cases  to  single-valve  engine  with  numerous  parts,  260. — Tweddell,  E.  H., 
Three-cylinder  engine  should  only  drive  ordinary  pumj),  261. — Kennedy, 
A.  B.  W.,  Arrangement  in  paper  prefernble  for  heavy  pumping,  261. — 
Crampton,  T.  E.,  Whether  air-vessels  not  necessary  on  water-pressure 
engines,  261. — Davey,  H.,  Air-vessels  not  necessary,  261 ;  fluctuation  of 
velocity  small  in  driving  column,  261.  —  Crampton,  T.  E.,  Air-vessel 
preferable  uudir  great  head,  262. — Davey,  H.,  Objection  to  air-vessels  in 
awkward  places,  202. — Crampton,  T.  E.,  Easy  to  replenish  air-vessel,  262. 
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-Li-htfoot,  T.  B.,  Steam  more  economical  tliau  ^ater  poT^er  for  draining 
dip-workinc's,  262.-Davey.  H.,  Reasons  for  adopting  mitre  valves  in  place 
of  piston-valves  or  slide-valves,  263  ;  rotative  hydraulic  engines  not  best 
suited  for  pumpinir,  263;  reasons  for  preferring  hydraulic  power  to  steam 
in  dip-workings,  264;  working  of  dip  engine  at  Griff  colliery,  264.- 
Cowper  E  A  ,  Paper  gives  practical  record  of  successful  working,  264. 
Water  Presscke  for  driving  machinery.  See  Hydraulic  Machinery.  Water- 
Power  Engines.  Water-Pressure  Engines. 
W.TER  Pressure  for  transmitting  power.    &.  Power  Transmission.  _ 

Water  Supply  prom  Chalk,  Taper  on  the  Yield  of  Wells  sunk  in  the  Cha^k  m 
the  central  portion  of  the  London  basin,  by  E.  Easton,  1876,  163.- 
Basin  form  of  the  chalk,  163.-Obstruction  to  passage  of  water  from 
deflection  of  chalk  and  great  fault  in  strata,  164.-Sudden  alteration 
caused  in  water  level  in  the  chalk,  165.-Flow  of  water  different  m  pure 
chalk  districts,  16o.-0nly  small  portion  of  rainfall  fmds  its  way  into 
chalk  under  London,  166.-Kate  of  inclination  of  water  in  chalk  at 
Brighton,  167.-Uncertainty  of  finding  water  in  any  quantity  in  London 
basin  167.-Analysis  shows  considerable  admixtm-e  of  water  from  the 
tertiary  sands  covering  the  chalk,  168.-Water  level  steadily  lowermg  m 
^eUs  as  number  increases,  I68.-N0  great  quantity  of  water  can  be 
expected  under  London,  169.  ,       ,  .         „ 

D.-.cw..;o«.-Easton,  E.,  Peculiarity  in  variation  of  water  level  m  weUs 
at  Bric^hton,  169.-Cowper,  E.  A.,  Decrease  in  general  level  of  water  in 
deep  wells  throughout  London,  170.-Webb,  F.  W.,  Analysis  of  very  soft 
^ater  from  well  at  Camden  Town,  170.-Clay.  W.,  Water  from  wells  m 
sandstone  at  Liverpool  found  to  be  very  salt,  I70.-Amos.  C.  E    Plan  for 
preventing  difficulty  arising  from  priming  in  locomotives  171 -^  ebb 
E    W     Salt  in  water  of  wells  near  sea,  172.-Hawksley,  C,  Causes  of 
variation  of  water  level  at  Brighton,  172.-Spon,  E..  Faults  in  chalk  of 
London  basin,  172  ;    variable  yields  of  wells  in  district.  173 ;   level  of 
water  in  wells,   173;    flow  of  water  through   fissures  in  chalk,  1/3.- 
Easton,  E..  Gradual  depression  of  water  level  in  London  weUs,  1<4 ;  no 
risk  of  netting  salt  water  into  Brighton  weUs  if  not  sunk  too  deep,  1/4; 
highest  kvel  of  water  generally  three  or  four  months  after  greatest 
rainfall,  174 ;  yield  of  water  from  London  wells,  175 ;  normal  water  leve) 
difficult  to  ascertain,  176. 
Water  Scpplt,  Metropolitan,  lengths  of  pipes  and  pressures  of  water,  18/9,  3/7. 
Water  Works,  filtration,  1881,  151,  152,  155-161.    See  Filte_r. 
Water  Works,  Manchester  Corporation,  Longdendale.  18 /o,  310. 
Watkin,  W.  J.  L.,  decease,  1878,  22.-Merao;r,  IG. 

Engines,  Winding,  Direct-Acting,  1875,  241,  242. 


238  W. 

Watkins,  a.,  elected  Member,  1881,  164. 

Watson,  H.  B.,  elected  Member,  1882,  255. 

Watson,  J.,  elected  Associate,  1878,  31. 

Watson,  K.,  decease,  1883,  36.— Memoir,  29. 

Watson,  W.  E.,  elected  Member,  1879,  398. 

Watson's  Hydraulic  Packing  Press  for  Cotton,  1877,  355. — 1878,  52,  56. 

Watt,  Paper  on  the  Inventions  of  James  Watt,  and  his  Models  preserved  at 
Hands-worth  and  South  Kensington,  by  E.  A.  CowiJer,  1883,  599. — 
Photographs  of  models  &c.  have  been  obtained,  599. — List  of  illustrations,, 
GOO. — First  patent  1769,  601. — Previous  Newcomen  pumping  engines,  602. 
— Surface  condenser,  and  injection,  603.  —  Air-pump,  603.  —  Separate 
surface  condenser,  603. — High-pressure  engine  without  vacuum,  604.— 
Piston  packing  and  lubrication,  605. — Block-tin  cylinder,  605. — Cylinders 
spring  out  of  round  in  boring  horizontally,  605. — Open-topped  cylinder  of 
single-acting  pumping  engine,  606. — Closing  of  cylinder  top,  and  equilibrium 
valve,  606. — Substitutes  for  crank  motion,  607.— Model  of  single-acting 
rotary  engine  with  heavy  balance-weight,  607. — Sun-and-planet  motions, 
G07. — Crown-cam  motion,  608. — Ladder  motion,  608. — Double-acting- 
engine  1782,  609.  —  Parallel  motion,  609.  —  Model  of  double-acting 
arrangement,  610. — Expansion  of  steam,  611. — Steam  indicator,  611. — 
Modes  of  equalising  motion  with  expansion,  612. — Compound  engine^ 
(513. — Bull  engine,  613. — Eotary  motions  in  opposite  directions,  613. — 
Steam  carriage  for  common  roads,  614. — Boilers  made  of  wood,  614. — 
Limitation  of  steam  pressure,  614. — Cugnot's  road  locomotive,  614. — Forge 
and  tilt  hammers,  615. — Wagon  boiler  and  setting,  615. — Eotary  and 
semi-rotary  engines,  616. — Watt's  room  in  Heathfield  Hall,  616. — Counter, 
G17. — Folding  wedges,  617. — Letter-copying  presses,  and  copying-ink 
powders,  618. — Sculpture-copying  machine,  618. — Pyramidal  stiffened 
frame,  619. — Drills  and  cutters,  619. — Eeducing  machine,  620. — General 
effects  produced  by  Watt's  inventions,  621. 

Discussion. — Cowper,  E.  A.,  Supposed  model  of  hot  cylinder  with  cold 
separate  condenser,  622 ;  engraving  of  Newcomen  engine,  623 ;  Watt's 
rotative  and  double-acting  engine,  624  ;  low-pressure  or  vacuum  engines, 
624 ;  introduction  of  higher  pressures,  624 ;  old  hay-stack  and  wagon 
boilers,  624. — Timmins,  S.,  Preservation  of  relics  of  Watt,  625. — 
Marshall,  W.  P.,  Ditto.  626.— Head,  J.,  Visit  to  Watfs  room,  626 ;  wagon 
boilers  on  Tyneside,  627. — Davey,  H.,  Murdock's  assistance  in  making 
lathc-framo  rigid,  628.— Marten,  E.  B.,  Model  lent  by  Mr.  Skidmore, 
(528. — Hall,  W.  S.,  Double-acting  rotative  engine  by  Watt,  at  work 
lately,  629 ;  Watt's  spectacles,  629 ;  boiler-pressure  below  atmosphere, 
630. — Timmins,  S.,  Early  timber-beam  engine  still  working  in  Birmingham, 
C30. — Wcstiiiacott,  P.  G.  B.,  Interest  of  subject  to  engineers,  630. 
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Watt  axd  Co.'s  Exgixe  Works,  Solio,  Birmiugbara,  1S7G,  329. 
Watts,  J.,  elected  Member,  1877,  299. 
Wacgh,  J.,  elected  Member,  1877,  72. 

WEAE3I0CTH  CoLLiEKY,  visltcd  at  Newcastle  meeting,  1881,  615,  G16. 
Weatherhead,  p.  L.,  elected  Member,  1878,  31. 

Webb,  F.  W.,  elected  Member  of  Coimcil,  1875,  34. — Vice-President,  1877,  25. — 
1878,  29.— 1881,  30.— 1884,  21. 

Axlebox,  Eadial,  1877,  306,  308,  312. 

Boiler  Feeder,  Fromcntin  Automatic,  1882,  489. 

Gauge,  Eailway,  1875,  82. 

Hydraulic  Machinery,  ^larine,  1874,  47,  53. 

Injector  Hydrants,  1879,  384,  393. 

Iron  and  Steel  for  Boilers,  1879,  304. 

Locomotives,     Compound,     1879,     349,     353.  —  Pcqyer     on     Compound 
Locomotive  Engines,  1883,  438. — Remarks,  452,  460. 

Locomotives,  Francq's  Ftreless,  for  Tramways,  1879,  630. 

Locomotives,  Fuel  Consumption,  1884,  119. 

Plate  Rolling  Machinery,  1880,  94. 

Puddling,  Mechanical,  1876,  260. 

Railway  Traffic,  Cost  of,  1878,  207,  208,  213. 

Raising  of  wreck  '■  Edith,"  1878,  134. 

Riveted  Joints,  1881,  260. 

Safety  Lamps,  1879,  236. 

Saw,  Direct- Acting  Circular,  Paper  on  a  Direct- Acting  Cii-cidar  Saw  for 
cutting  steel  hot,  1875,  126.— Remarks,  129, 130,  132. 

Steel,  Fluid-Compressed,  and  Guns,  1875,  293,  296,  303. 

Tuyere,  Open  Spray,  1876,  365,  370. 

Yalve,  Circular  Slide-,  Paper  on  an  improved  form  of  Slide-Valve  fur 
steam  and  hydraulic  engines,  1877,  197.— Remarks,  200,  203,  205. 

Valve-Gear,  Joy's,  1880,  432,  435,  440.— Letter  on,  1881,  417. 

Valves,  Safety,  1877,  182, 187. 

Water  Supply  from  Chalk,  1876,  170,  171. 
Webb's  Compound  Locomotive.    See  Locomotives,  Compound.    See  Locomofvts 

Fuel  Consumption. 
Webb,  R.  G.,  elected  Member,  1884,  80. 

Webster,  J.,  elected  Member,  1875, 189.— Decease,  1876,  3.— Memoir,  25. 
Weck,  F.,  elected  Member,  1883,  310. 
W^eems,  W.,  High-Pressure  Vessels,  1878,  276,  283. 
Weib,  movable  weir  across  the  Marne  at  Xoisiel,  1878,  550. 
Weiss,  H.  A.  O.,  elected  Member,  1879,  38. 
Welch,  E.  J.  C,  Boiler  and  Engine,  High-Pressure,  1877,  143. 

Boiler,  Lancashire,  1876,  109,  112. 
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"^VELai.  E.  J.  C.  (continued). 

Brakes,  Continuous,  for  railway  trains,  1S7S,  S4,  99. 
Drilling  Machines  for  Boiler  ^York.  1S7S,  579. 
Institution,  Constitution  of,  1878,  42. 
Locomotives,  France's  Fireless,  for  Tramways,  1879,  Go4 
Power  Transmission  by  Kopes,  1874,  70. 
Presses,  Hydi-anlic  Packing,  1877,  3G7. 
Rock-Drilling  Machinery,  1874,  96. 
Piope  Gearing,  187G,  382,  389. 
Rules,  1877,  43.— 1879,  587. 
Steam-ship  "  City  of  Rome,"  1880,  355. 
Ventilators  for  Mines,  jMcchanical,  1875,  327. 
Ventilator,  Roots'  Mine,  1877,  110. 
"Water  Meter,  Barton  and  West's,  1879,  450. 
Water-Power  Engines,  1879,  491. 
"Welchs  Screw  Adjustsiext  for  pitch  of  drill  spindles,  1878,  567,  579, 
Wells,  Yield  of,  in  Chalk  in  London  Basin,     See  Water  Supply  from  Chalk, 

1876,  163. 
Wexdelsteix,  E.,  Railway,  St.  Gothard,  Papej-  on  the  Construction  and  Working 
of  tUe  St,  Gothard  Railway,  1883,  463. 
Tunnel,   St,   Gothard,  Paper  on  the  St.  Gothard  Timnel,  1883,  150.— 
Remarks.  176,  177, 
West,  C,  D.,  elected  Member,  1882,  255. 
West,  H.  H.,  elected  Member,  1876,  57. 

Raising  of  wreck  "Edith,"  1878,  129. 
Steel  Boiler  Experiments,  1878,  247. 
West,  J.,  Centrifugal  Separator,  1882,  523, 
West,  X.  J.,  elected  Member,  1874,  101, 
West's  Htdkaulic  Pbess  for  pressing  cotton,  1878,  59, 
"Western,  C.  R.,  elected  Member,  1877,  166, 
Western,  M.  R.,  elected  Member,  1877,  26. 
Westin'ghouse,  G.,  Jcx.,  Brakes,  Automatic  Action,  1880,  137. 
Brakes,  Continuous,  for  railway  trains,  1878,  93,  98. 
Brakes,  Effect  of,  upon  railway  trains,  1878,  480.— 1879,  213, 
WESTiyGHOUSE  COMPRESSED- AiR  Brake  for  railway  trains,  1878,  76,  79,  87,  93, 

502,  607,  622,  624. 
Westmacott,  H,  a.,  elected  Graduafe,  1883,  310. 

WEiTMACOTT,  P.  G.  B.,  elected  Jlembcr  of  CouncU,  1874,  26. — Vice-President, 
1876,  26.— 1877,  25.-1878,  29.— 1880,  24.— Xominated  as  President, 
1881,  411,  625.— Elected  President,  1882,  32,-1883,  53. 
Addresses,  Presidential,   at    LeeJs    meeting,   1882,  259.  —  At    Belgian 
meeting,  1883,  317. 
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Westmacott,  p.  G.  B.  (continued). 

Belgian  meeting,  Keply  to  Mayor's  welcome  at  Liege,  1883,  307  ;  ditto  at 
Antwerp,  314.— Invitation  from  H.  M.  the  Kiug  of  the  Belgians,  311.— 
Address,  317. 
Blast-Furnace  Working,  1882,  317. 

Boiler  Feeder,  Fromentin  Automatic,  1882,  488,  489,  49G. 
Brake,  Automatic  Screw-Brake,  1882,  508. 
Coke  Manufacture,  1883,  305. 
Council,  Annual  Report,  1884,  19,  20. 
Cutting  of  Metals,  1883,  263,  266. 
Diving  Appliances,  1882,  198. 
Docks,  Cardiff,  1874,  133. 
Dredger,  Bazin,  1882,  115. 
Expansion-Gear,  Automatic,  1882,  438. 
Friction  Experiments,  1883,  659. 
Friction  at  High  Velocities,  1882,  150. 
Harbour  Works,  Antwerp,  1883,  315,  316. 
Hydraulic  Machinery,  Workshop,  1874,  179. 
Institution  business,  1883,  34. 
Leeds  meeting,  Reply  to  Mayor's  welcome,  1882,  252.-Tribute  to  memory 

of  W.  Menelaus  and  C.  P.  Stewart,  253.— Address,  259. 
Lifts,  Hydraulic,  1882,  175. 
Power  Transmission  by  Ropes,  1874,  71. 

President,  on  election  as,  1882,  34.-On  retiring  from  office,  1884,  23. 
Railway,  St.  Gothard,  1883,  492. 
Rock-Drilling  Machinery,  1874,  95. 
Rules,  1883,  596. 
Shafting,  Strength  of,  1883,  225. 
Sowing  of  Seed,  Machinery  for,  1882,  250. 
Steel,  Hardening  &c.,  1883,  71. 
Steel,  Tempered,  Molecular  Rigidity  of,  1883,  92. 
Sugar  Manufacture  in  Belgium,  1883,  312. 
Testing  Machine,  Single-Lever,  1882,  391,  403,  407. 
Valve,  Circular  Slide-,  1877,  202,  203. 
Watt,  Inventions  of  James  Watt,  1883,  630. 
Wool-Combing  Machinery,  1882,  227,  230, 
Westmacott's  Coaling  Ckadle,  1884,  229. 
Westmoreland,  J.  W.  H.,  elected  Member,  1880,  489. 
Westphalia,  Shaft-Sinking,  1882,  335.    See  Mining  Machinery. 
Westwood,  J.,  JuN.,  elected  Member,  1880,  9. 
Wetmotith,  F.  M.,  elected  Graduate,  1880,  186. 

Whalley,  a.  J.,  elected  Member,  1874,  27.-Decease,  1877,  3.-Memoir,  23. 
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Wharton,  H.  E.,  elected  Member,  1883,  310. 
Wharton,  W.  A.,  elected  Member,  1881,  624. 
Wheatlet,  T.,  decease,  1884,  3. — Memoir,  74. 
Whieldon,  J.  H.,  elected  Member,  1884,  199. 
White,  A.  E.,  elected  Member,  1882,  255. 
White,  H.  W.,  elected  Member,  1874,  55. 
Whiteley,  W.,  elected  Member,  1876,  197. 
Whitelock,  W.  T.  G.,  elected  Graduate,  1877,  300. 
Whithard,  B.  M.,  elected  Member,  1884,  2. 
Whitley,  J.,  Forging  of  Crank  Shafts,  1879,  473. 
Whitwell,  T.,  decease,  1879,  22. — Memoir,  18. 
Whitworth,  Sir  J.,  Puddling,  Mechanical,  1876,  279. 

Steel  and  Guns,  Paper  on  Fluid-Compressed  Steel  and  Guns,  1875,  268. — 
Remarks,  281,  290,  295,  303. 
Whitworth,  Sir  Joseph,  and  Co.'s  Works,  1875,  305. 
Whitworth's    Fluid-Comfressed    Steel,   1875,  268.  — 1880,   171,   179,   180, 

181. 
Whytehead,  H.  E.,  elected  Graduate,  1878,  31. 
Wickham,  L.  W.,  decease,  1884,  3. — Memoir,  75. 
Wicks,  H.,  elected  Member,  1878,  293. 
Wicksteed,  J.  H.,  Cutting  of  Metals,  1883,  253. 

Drilling  Machines  for  Boiler  Work,  1878,  578. 

Dynamometer,  Marine-Engine,  1877,  265. 

Friction  Experiments,  1883,  653. 

Steel  Boiler  Experiments,  1878,  244. 

Testing  Machine,  Faper  on  a  Single-Lever  Testing  Machine,  1882,  384. — 
Remarks,  402,  403. 
WiDMARK,  H.  W.,  elected  Member,  1878,  108. 

Axlebox,  Radial,  Paper  on  improved  Radial  Axleboxes  and  Guides,  1S77, 
304.— Remarks,  306,  309,  313. 
WiGZELL,  E.  E.,  elected  Member,  1881.  164. 
Wilder,  J.,  elected  Member,  1884,  2. 

WiLKiESON,  Major-General  0.  V.,  R.  E.,  decease,  1879,  22.— Memoii-,  19, 
Wilkinson,  R.,  elected  Member,  1877,  26.— Decease,  1884,  3. 
Wilkinson,  W.,  elected  Member,  1884,  409. 
Williams,  D.,  elected  Member,  1874,  101. 
Williams,  E.,  Address  of  President,  1880,  320. 

Blast-Furnace  Working,  1882,  312. 

Forging  of  Crank  Shafts,  1879,  471. 
Williams,  E.  L.,  elected  Member,  1883,  310. 
Williams,  Sir  F.  M.,  decease,  1879,  22.— Memoir,  19. 
Williams.  J.  B.,  elected  Member,  1884,  2. 
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WiLLiAJis,  J.  R.,  elected  Member,  1884,  199. 

Williams,  K.  P.     See  Price-Williams,  E. 

Williams,  W.  F.  M.,  elected  ]»Ieinber,  1881,  10. 

Williamson,  R.,  elected  Member,  1883,  310. 

Williamson,  R.  S.,  elected  Associate,  1883,  310. 

WILLIA3IS0N  Safety  Lamp,  1879,  223.    See  Safety  Lamps. 

Willis,  R.  H.,  Riveted  Joints,  1881,  282. 

Willmott,  a.  W.  W.,  elected  Member,  18S3,  180. — Honorary  Local  Secretary 

for  Antwerp,  Summer  meeting,  1883,  313. 
WiLLOCK,  Lieut.  H.  B.,  elected  Member,  1884,  80. 
Wilson,  Alexander  (Dronfield),  elected  Member,  1878,  558. 
Wilson,  Alexander  (London),  elected  Member,  1884,  190. 
Wilson,  A.  B.,  elected  Member,  1882,  255. 
Wilson,  E.,  decease,  1878,  22. — Memoir,  17. 
Wilson,  G.  P.,  elected  Member,  1883,  593. 
Wilson,  Jajies,  elected  Member,  1884,  80. 
Wilson,  John,  elected  Member,  1881,  624. 
Wilson,  J.  C.,  elected  Member  of  Council,  1878,  29. 

Hydraulic  Machinery,  Toulon,  1878,  389. 

A'alve,  Circular  Slide-,  1877,  201. 

Valves,  Safety,  Paper  on  the  construction  of  Safety  Valves,  1877,  176. — 
Remarks,  182,  194. 
Wilson,  J.  W.,  elected  Member,  1879,  38. 
Wilson,  Robert  (Patricroft),  decease,  1883,  36.— Memoir,  29. 

Governors,  1879,  415. 

Presses,   Hydraulic  Packing,  Paper    on    an    improved    construction   of 
Hydraulic  Presses  for  packing  cotton,  jute,  &c.,  with  improved  engines 
and  pumps,  1877,  349.— Remarks,  354,  362,  363,  374. 
Wilson,  Robert  (London),  elected  Member,  1880,  9. 
Wilson,  Robert  (Patricroft),  elected  3Iember,  1883,  310. 
Wilson,  T.,  elected  Member,  1884,  80. 
Wilson,  W.  W.,  elected  Member,  1881,  10. 
Wilson's  Hydraulic  Press  for  pressing  cotton,  1878,  52. 
WiNBY,  F.  C,  Locomotive,  Brown's  Tramway,  1880,  63. 

Tramways,  Permanent  Way,  1880,  215,  220. 
WiNBYS  Permanent  Way  for  Tramways,  1880,  198,  215,  220.     See  Tramways, 

Permanent  Way. 
Windermere  Lake,  visited  at  Barrow  meeting,  1880,  480,  488. 
Winding  Engines,  Direct-Acting,  1875,  217.     See  Engines,  Winding,  Direct- 
Acting. 
Wire   Ropes,  Power  Transmission  by.     Ste  Power  Transmission,  1874,  50. — 

1881,  57. 
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Wise,  W.  L.,  Council,  Annual  Keport,  1884,  20. 
Patent  Laws,  1875,  176,  184. 
Rules,  1874,  30.— 1876,  30. 

"WiTUY,  E.,  Ships,  Iron  and  Steel  for,  1881,  566. 

Withy,  H.,  elected  Member,  1884,  199. 

Wolfe,  J.  E.,  elected  Member,  1878,  108. 

WoLFENDEN,  EiCHARD,  elected  Member,  1878,  31. 

WoLFEXDEX,  Egbert,  elected  Member,  1878,  31. 

Wolff.  J.  F.,  elected  Member,  1882,  225. 

Wood,  E.  M.,  elected  Member,  1881,  409. 

Wood,  E.  W.  N.,  elected  Graduate,  1879, 156. 

Wood,  J.  M.,  elected  Graduate,  1880,  10. 

Wood,  S.  P.,  elected  Member,  1884,  80. 

Wood,  T.,  elected  Member,  1876,  347. 

Wood's  wrought-iron  cross  sleepers  for  railways,  1880,  214. 

WooDALL,  C,  elected  Member,  1882,  146. 

Woodhead,  J.  P.,  memoir,  1884,  404. 

Woods,  H.,  Bath,  Floating  Swimming.  1875,  150,  152. 
Saw,  Direct-Acting  Circular,  1875,  130. 

WooDsiDE  Irox  Works,  1876,  337. 

Woodward,  W.,  elected  Member,  1884,  409. 

WooD-WoRKiXG  Machinery,  Paper  on  Wood- Working  Machinerj-,  by  T.  N. 
Eobinson,  1875,  248.  — Cutting  tools  for  wood- working,  248. — Saws,  forms 
of  teeth,  249. — Action  of  cutters,  250. — Cutters  and  cutter-blocks  for 
various  woods,  251. — Cutter  and  cutter-block  for  tenoning,  251. — Boiing 
tools,  252. — Speed  of  cutting  tools,  252. — General  construction  of  wood- 
working machines,  253. — Horizontal  single-bladed  saw-frame  for  fine 
sawing  from  rough  logs,  253. — Planing  and  moulding  machine  for  finishing 
timber,  255. — Fixed  knives  used  for  cutting  smooth  surface,  256. — Conical 
bearing  with  end  set-pin  for  keeping  spindle  of  cutter-block  perfectly 
steady  and  lubricated  at  high  speed,  257. 

Discussion. — Eobinson,  T.  N.,  Cutting  angles  of  tools,  258 ;  conical 
end-bearing  for  cutter  spindle,  258. — Anderson,  J.,  LL.D.,  Wood-working 
machinery  still  in  its  infancy,  258 ;  better  means  required  of  fixing  and 
balancing  cutters,  259 ;  spiral  cutters  of  thin  steel  in  French  machines, 
259 ;  sharpening  cutters  in  their  place  by  revolving  emery  wheels,  259  ; 
scraping  instrument  for  finishing  off  work,  260. — Shepherd,  J.,  Helical 
cutter  originally  used  for  cloth-cutting  machines,  261.  —  Barrow,  J., 
Arrangement  for  sharpening  teeth  of  band-saw  successfully  used  for 
cutting  iron,  261 ;  setting  teeth  by  right-and-left-handed  cutters,  262 ; 
speed  of  driving,  262. — Anderson,  J.,  Band  knives  for  cutting  out  cloth 
262. — Eeynolds,   E.,   Large   sizes   of  band-saws,   263. — Cowper,    E.   A., 
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WooD-WoKKisG  Machinery  (continued). 

Circular  saw  used  for  cutting  iron  bars  at  an  angle,  2G3  ;  American  saw 
with  loose  teeth,  263 ;  extra  planing  iron  for  finishing  off  wood  smooth, 
263;  wood  sash-bars  for  1851  exhibition  building  made  entirely  by 
machinery,  263. — Head,  J.,  Speed  of  circular  saw  limited  only  by 
unsteadiness  caused  by  saw  not  being  perfectly  true,  26i  ;  conical  bearing 
with  end  set-pin,  advantage,  265. — Eobinson,  T.  N.,  Working  of  horizontal 
saw,  265. — Bramwell,  F.  J.,  Comparative  advantages  of  single-bladed 
horizontal  saw  and  multiple  saw-frame,  265. — Robinson,  T.  N.,  Multiple 
saw  not  suitable  for  cutting  veneers,  266 ;  helical  cutter  for  squaring  up 
timber,  266 ;  objections  to  emery  wheels  for  sharpening  cutters  while  at 
work,  266  ;  practical  limit  of  speed  for  circular  saw,  267. 

Wool-Combing,  Paper  on  Wool-Combing  by  modern  machinery,  by  F.  M.  T. 
Lange,  1882,  214. — Combing  wool  by  hand,  214. — First  wool-combing 
machine,  Cartwright's,  215. — Godart's  or  Collier's  machine,  216. — Chief 
subsequent  combing  machines,  217.  —  Heilmann's  218.  —  Lister  and 
Donnistliorpe's,  218. — Preller  and  Eastwood's,  or  Opell's,  218. — Crabtree's, 
218.— Noble's,  219.— Kawson's,  219.— Holden's,  220.— Smith  and  Bradley's, 
and  Mirfield  &  Scott's,  220.— Little  and  Eastwood's,  221.— Lange's,  221.— 
Description  of  successive  operations  in  Lange's  wool-combing  machine, 
221. — Advantages  realised  in  working,  224. 

Discussion. — Cowper,  E.  A.,  Operation  of  combing  by  hand,  224. — 
Lange,  F.  M.  T.,  Samples  of  combed  wool  and  noil  from  improved  machine, 
225  ;  tabulated  comparison  of  combing  by  old  machine  and  by  Lange 
machine,  226  ;  percentage  of  noil  to  cardings,  226  ;  production  of  "  top  "  per 
day,  226 ;  construction  of  combs,  226 ;  strength  and  elasticity  of  wool  fibre, 
227 ;  Westmacott,  P.  G.  B.,  Size  of  large  receiving  comb,  227. — Lange, 
F.  M.  T.,  Diameter  3  feet,  227. — Greenwood,  A.,  Manufacture  of  Lange 
machine,  227. — Lange,  F.  G.,  Progressive  improvement  of  machine,  228 ; 
increased  number  of  rows  of  teeth  in  combs,  228. — Cowper,  E.  A.,  Economy 
resulting  from  improvements  in  combs,  229 ;  avoidance  of  strain  on  wool  in 
combing,  229 ;  quick  adjustment  for  different  classes  of  wool,  230. — 
Westmacott,  P.  G.  B.,  Beautiful  specimen  of  mechanism,  230. 

WooLLCOMBE,  R.,  elected  Graduate,  1882,  16. 

Woollen  Manufactories,  Verviers,  1883,  515,  546-552. 

Works  Visited  : — 

Cardiff  Summer  meeting,  1874,  162,  234. 
Manchester  Summer  meeting,  1875,  246,  305. 
Birmingham  Summer  meeting,  1876,  327. 
Bristol  Summer  meeting,  1877,  296. 
Paris  Summer  meeting,  1878,  546. 
Glasgow  Summer  meeting,  1879,  567. 
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"Works  Visited  (continued). 

Barrow  Summer  meeting,  1880,  478. 

Newcastle  Summer  meeting,  1881,  595. 

Leeds  Summer  meeting,  1882,  451,  454,  466,  468. 

Belgium  Summer  meeting,  1883,  511-585. 

Cardiff  Summer  meeting,   1884,   357.  —  Lists,   360,   392.  —  Descriptions, 
360-397. 

Mottingham  Autumn  meeting,  1884,  414. 
WORSDELL,  T.  W.,  elected  Member,  1874,  101. 
WoRSSAM,  C.  S.,  elected  Member,  1884,  409. 
WoRSSAM,  H.  J.,  elected  Member,  1877,  72. 
WoRSSAM,  S.  W.,  elected  Member.  1876,  28. 
Wreck,  Eaising  of,  1878,  116.    See  Eaising  of  Wreck. 
Wrench,  J.  M.,  elected  Member,  1881,  624. 
Wright,  B.  F.,  elected  Member,  1881,  164. 
Wright,  G.  H.,  elected  Member,  1878,  558. 
Wright,  James,  elected  Member,  1876,  57. 
Wright,  Joseph  (Tipton),  Kules,  1876,  29. 
Wright,  0.,  decease,  1884,  3. — Memoir,  75. 
Wright,  P„  decease,  1875,  3. — Memoir,  32. 
Wright,  W.  B.,  elected  Member,  1878,  293. 

Brakes,  Continuous,  for  railway  trains,  1878,  90,  92. 

Locomotive  Kimning  Shed,  1884,  251. 
Wkightson,  T.,  Compressed- Air  Machinery,  1874,  225. 

Hydraulic  Machinery,  Workshop,  1874,  194. 
Wtllie,  R.,  elected  Member,  1883,  593. 
Wynne-Edwards,  T.  A.,  elected  Member,  1883,  180. 
Wyvill,  F.  C,  elected  Member,  1877,  72. 


Y. 

Yates,  H.,  elected  Member,  1878,  31. 
Yates,  H.  R.,  elected  Member,  1882,  16. 
Yates,  L.  E.  H.,  elected  Member,  1881,  164. 
Yates,  W.,  elected  Member,  1880,  489. 
Yeomans,  D.  M.,  elected  Member,  1879,  .38. 

Brakes,  Automatic  Action,  1880,  136. 

Brakes,  Effect  of,  upon  railway  trains,  1878,  484,  624.— 1879,  19."). 
YoKOi,  S.,  elected  Graduate,  1884,  409. 
York,  F.  C,  elected  Graduate,  1880,  186. 
YocNO,  C.  F.  T.,  Boiler  and  Engine,  Iligh-Pressurc,  1877,  130. 
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YouxG.  G.  S.,  elected  Member,  1879,  155. 

Young,  James  (Fence  Houses),  elected  Member,  187-1,  55. 

Young,  James  (Low  Moor),  elected  Member,  1879,  398. 

Younger,  R.,  elected  Member,  1881,  624. 

Yule,  W.,  decease,  1882,  17.— Memoir,  14. 


z. 


ZiFFER,  F.  H.,  elected  Member,  1880,  9. 

Zinc,  Paper  on  the  Manufacture  of  Zinc  iu  Belgium,  by  St.  Paul  de  Sin-jay,  1883, 
345.— Early  workings  of  calamine,  345.— Extraction  of  zinc,  347.— Dony's 
reduction  of  zinc  ores,  348.— Vieille-Montagne  works,  349.— Other  works, 
349.— Total  production  of  zinc  in  Belgium,  352.— Reduction  of  blende, 
^^-•— ^Importation  of  foreign  ores,  353.— Workmen,  354.— Metallurgy  of 
zinc,  355.— Rolled  zinc,  356.— Oxide  of  zinc,  359.— Dh-ect  use  of  ingot 
zinc,  360. — Make  of  raw  zinc  in  Europe  since  1860,  361. 

Discussion.— 'RocouT,  G.,  Commercial  difficulties  attending  manufacture 
of  zinc,  362;  difficulty  of  smelting,  363;  retorts  made  by  hydraulic 
pressure,  363 ;  use  of  gas  furnaces,  363.— Roberts,  W.  C,  Belgian  method 
of  manufacture  in  Swansea,  364 ;  difficulty  from  fracture  of  retorts,  364.— 
Sharp,  T.  B.,  Shape  of  ingots  of  zinc  should  be  round  instead  of  flat,  364  ; 
recovery  of  oxide  of  zmc  in  manufacture  of  brass,  365.— Rocour,  G., 
Fracture  of  retorts,  and  use  of  blast-furnace,  366.— Cochrane,  C,  Zinc 
works  will  be  seen,  367. 

Zinc  Works,  Vieille  Montague,  1883,  349.— Visited  at  Summer  meeting, 
Belgium,  1883,  513. 
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